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MAYFLIES OF PUERTO RICO 

Jay E. Teavbb 

The mayfly fauna of this island has not been studied, up to the 
present time. There seem to be but two references to a specimen of 
this order from Puerto Rico, in the published literature of the group. 
The first of tliese may be found in Dr. Hagen’s Synopsis, (9) pg. 54, 
under Gloe imcolor Ilagen: “I have seen a female specimen from 
Puerto Rico, similar to this, with the thorax fulvo-aeueous: is it a 
differeni species?” The second referenee oeeui’s in Kolbe’s (13) 
I>ic g(oqntp1mchc Verhreilung der N(niopteren und Psmdonenrop- 
dor Aniillen, pg. 172: **TL Ephemerida, Von dieser Abtlieiluug 
liegt nur ein verdorbenes Exemplar voi*, welches vielleicht eine 
Spezies von Calibaetis ist.” 

During the sju'ing of lOoo, Prof. James G. Needham of Cornell 
University, and Dean Gareia-Diaz of the University of Puerto Rico, 
eolleetod many majdly nymphs and images on the island. Later, in 
the summer of 1935, Dean Gareia-Diaz made many further collections 
and i*eared many speeimons from nymphs. As a result of this work, 
twmity speeies of mayflies, representing six genera in three sub- 
famili(s, liavc been found to inhabit Puerto Rico. An account of 
these twenty sp«‘eies is herewith presented; three new genera and 
nine neu speeies are described, along with keys for the determination 
of images and nymphs, and notes on several unnamed species. The 
designation of tlio wing veins is that of Tillyard, 1923 (18) and 
Needham, I’raver, IIsu, 1935 (17). 

SUBFAMILY LEPTOPHLEBIINAE 

Two new genera of this subfamily are considered to be present 
in the material from Puerto Rico, each represented by two or more 
species. Both genera are allied to Hagenulus, — one of these may, 
in fact, be the true Hagenulus. Since, however, the nymph of Hagc- 
nulus is not known, and males of the Antillean speeies (including 
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tlie typ^ species) are imknowii or known incompletely, it is consid- 
ered better to discuss the two Puerto Eiean genera under new generic 
names. 

Discussion of the genus Hagenuhis and allied forms 

The genus Hagenulus Eaton (1882) (4), type caligatus Etn., from 
Cuba, was described from femalej imagos and a male subimago. 
Genitalia of the male, and wings (presumably of female) are figured, 
in the Eevisional Monograph (6). Wings of the female have dis- 
tinctly margined cross veins; outer fork of radial sector normal, — 
i. e., with no tendency to sag toward the rear margin; penes of 
male are straight, rod-like, structures, divided near the base, wholly 
without spines or bristles. A note following the original description 
states that four male imagos, ‘^of, perhaps, another species’’, dif- 
fering from the male subimago of caligatus in numbers of cross veins 
in costal space, are present in the Hagen collection, from Cuba. 
These males have spotless wings. In the Eevisioual Monograph, it 
is stated that these specimens are females. Dr. Banks (1) says that 
these four specimens are males, and thinks they may be caligatus. 
Another Antillean species of this genus, JT. caioni Bks. (1) , from 
Haiti, is known from females only. In these, the fore wings are 
similar to those of caligatus Etn., but the hind wing differs some- 
what in shape. Three other species have been described in Ha- 
genulus: monstn/fi/s Etn., (8) from Bermuda; scotfi ’Etn., (7) from 
Seychelles; and turhinatus Him., (22) from Bast Africa. Hind 
wings are figured for tw^o of these species, genitalia for one of them. 
In two of these (scotti Etn. and turhinatus Ulm.) the wings of both 
sexes are wholly lacking in darkened cross veins, but in monstraius 
Etn., dark-margined veins are present in both male and female. The 
hind wings are not typical of Hagenulus as represented by caligatus, 
in the two species figured. Nymphs of all five of these species are 
unknown. 

Peculiar Leptophlebiine nymphs taken in Cuba (C. P. Baker, 
J. G. Needham'' were described by Mi*s. Emily E. Morrison (15) 
as Hagenulus. Cross veins in wing-pads of female nymphs are dark- 
margined; those of the males have a few spots only. The hind 
wing somewhat resembles Hagenulus. Mouthparts of the nymphs 
are peculiar, in that the labrum is much wider than the head. GiUs 
filamentous, each pair bifurcate, the divisions unequal in size. Ge- 
nitalia removed from a mature male nymph are seen to possess 
distinct inwardly-directed spines on the penes, much as in Neoha- 
genulus. Are these the nymphs of the genus Hagenulus? If so, 
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the presence of spines on the penes must be a i^eeiflc character. 
Wing-pads of female nymphs are normal as to the outer fork of 
the radial sector; in the males, however, there is a slight rearward 
sag in this fork. Other nymphs, taken in Jamaica by Prof. E. L. 
Palmer of Cornell University, resemble those of Neohagenulus in 
mouth-parts and structure of gills. The wing-pads of the females 
are dark-spotted, those of the males are spotless. Outer fork of 
radial sector normal in females, slightly sagged in males. 

Nymphs of the two Puerto Rican genera have been reared, and 
both sexes are represented. Until Hagemkis caligatus Etn. has been 
reared from nymphs, and males and females correctly associated, 
so that the type of the genus may be fully known in its several 
stages, the Puerto Rican forms are held under the names Neoha- 
genulus and Borinquena (new generic names). The differences in 
the gills of the nymphs seem to indicate clearly that two genera are 
involved. 

Under the genus Borinquena are placed two species, apparently 
rather closely allied except in the form of the hind wing. In B. C 07 i- 
tradiccm ii. sp., the hind wing is like that of Hagemilus caligatus, 
but genitalia resemble B, carmeficita n. sp., the genotype. Thus B, 
contraclivcns has characters of Borinquena and also of Hagenulus. 
It is tentatively placed in Borinquena, because of the type of the 
male genitalia and the gills of the nymph. By structure of hind 
wing and presence of ovipositor in the female, it would fall into 
Hagenulus. fl-ills of nymph filamentous, single, in both species. In 
fore wing of male as well as of female, the outer fork is distinctly 
sagged to rearward. No dark-margined cross veins, in either sex. 

The throe species placed in Neohagenulus resemble one another 
quite closely, flills of nymphs filamentous, bifurcate, the two parts 
of each unequal in size and length. Genitalia somewhat a>s figured 
by Eaton for T{. caligatus, but with distinct spines on the penes. 
Hind wing reduced in size, but not quite like that of H, caligatus. 
No true ovipositor present, iu female. Outer fork of radial sector 
in wing of male distinctly sagged, almost normal in female. No 
dark-margined cross veins, in either sex. 

Hjar TO AntHiLban Geneela of Leptophlebunae 
adults 

1. Gross veins of fore wing of female dark-margined; no spine-like processes 
on penei^ which are slender and rod-like; long ovipositor present — HagenvXiua 

Cross veins in fore wing of both sexes without dark margins; a pair of 
short, spine-like, processes present on penes; ovipositor present or ah- 
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2. Onier fork of radial sector in fore distinctly sagged to rearward, in 
both sexes; female with very long ovipositor; long joint of forceps of 

male almost straight ^Boringuena 

Outer fork of radial sector in fore wing almost normal in female, distinctly 
sagged in male; no true ovipositor present; long joint of forceps of 
Tnji.le strongly bowed NedhagenMlfUs 


NYMPHS 

1. Gills single, each a slender filament — , Boringuena 

Gills double, filaments of each pair unequal 2 

2. Labrum greatly extended laterally, being wider than head; outer margin 

of mandible angulate at postero-lateral angle ^ Eagenulus (^Gdbsi) 

Labrum only dightly wider than elypeus, about one-half the width of the 


head; outer margin of mandible rounded, convex 3 

3. Wing-pads of female nymph dark-spotted Jamaican species 

Wing-pads of both sexes with no dark spots Neohagenulus 


Genus Neohagenulus gen. nov. 

Small dark-colored mayfiiea. Eyes of male very large, contiguous apically, 
almost concealing the pronotum. Median ocellus much smaller than the laterals. 
Posterior margin of head of female slightly emarginate. Posterior margin of 
pronotum excavated in median area. Pore leg of male slighLly shorter Utian the 
body. Femur slightly more than half as long as tibia; tarsus about % the 
length of the tibia. Basal fore tarsal joint very short; 2nd joint longesil^ 
other joints progressively shorter, the fourth about % the length of the 2nd. 
Pore femur of female as long as tibia; tarsus about % the length of the 
tibia; distal tarsal joint the longest. In hind leg of both sexes, the four basal 
tarsal joints are subequal; distal joint about as long as any two of the pre- 
ceding; in male, somewhat longer than in female, daws dissimilar on aU 
tarsi. 

Fore wing as shown in figure 1. Basal cross veins of costal and subcostal 
spaces faint; stigmatic cross veins -well developed, somewhat aslant. Outer fork 
of radial sector in fore wing of male distinctly sagged to rearward (less dis- 
tinctly so in female). Cubital intercalary and first anal veins united at base. 
Hand wing much reduced in size (fig. 11^ ; drawn out into a sharp point at 
apex, but this point not bent over. Two well-developed longitudinal veins in 
wing of male, three in female; behind these, two or three others, faint and 
incomplete. Several faint cross veins; one at apex well developed. 

Porcep*! three- jointed; long basal joint swollen in proximal half. Forceps 
base entire. Penes somewhat rod-like; each bears a forward-projecting spine, 
about of the distance from the apex (fig. 3). Apical margin of snl^nal 
plate of female with a deep V-shaped cleft. A short egg valve, not a true ovi- 
positor, is borne on the seventh stemite, as shown in figure 7. 

Body form of nymph reminiscent of Ohoroterpes, and very mmllgr to that 
of Borinqnena. Mouthparts as in Borinquena, exc^t that distal joint of labial 
palp is shorter (figs. 48, 49), Rather long q)ines on posterior margins of fe- 
mora; numerous spines on hind tibia, rather generally distributed (figs. 14, 
16). Gaws pectinate (fig, 46). Short postero-lateral spines on abdominal seg- 
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ments 3-9; very short on 3-6, longest on 9. Grills double, filamentous; the 
inner member of each pair is more slender and slightly shorter than the outer 
one. Each filament contains a single main trachea, often with minute, laftral, 
branches (fig. 18). Tails three, considerably longer than the body; middle 
tail longer and slightly stouter than the laterals. 

Genotype — ^Neohagenulus jnlio sp. nov. 

Key to Species op Neohagenulus 

AntJMS 

1, 'Wings of both sexes distinctly brown-tinged throughout; cross veins pro- 

minent tinctus 

Wings not distinctly brown-tinged throughout; cross veins less prominent, 
except along costal margin 2 

2. Longitudinal veins in wing of male yellowish along costal margin, else- 

where paler ; costal band in -wing of female rather dark red-brown luteolus 

Longitudinal veins, also cross veins of costal area and apical third of 
wing, brown; costal band in wing of female pale brown, usually paler 
toward apex juUo 


NYMPHS 

1. Pale areas on head between eyes and ocelli distinctly divided by a greyish 

black line; spines on fore femur and on hind tibia relatively short (see 

figs. 15, 17) luteolm 

Pale areas on head between eyes and ocelli not divided by a dark line; 
spines on fore fcmui and hind tibia longer (see figs. 14, 16) 2 

2. Second joint of autenna pale; ventral markings, when present, usually 

confined to lateral part of posterior margins of stemites 3 

Second joint of antenna blackish, at least in apical half; ventral markings 
more extensive 4 

3. "Ventral mai kings usually absent; abdominal tergites of female largely 

yellowish sp. No, 2 

Ventral markings usually present; abdominal tergites of female largely 
re<ldjsli brown juUo 

4. Body (female) 7 to 8 nmi, in length 8p, No, 1 

Body (female) 6-0% mm. in length tmetus 


Neohagentiltis julio sp. nov. 

A dark brown specie^, h«*iving middle and hind legs pale; entire wing not 
distinctly brown-tinged. 

Male imago. — ^Body 5-6 mm.; wing 5%-6 mm. 

Head dark red-brown, (see fig. 21, lateral aspect). Lateral ocelli pearly 
white, deep red-brown at base. Black, transverse, line along frontal margin; 
black markings around ba’^es of antennae, between antennae and eyes, on frontal 
Carina and below antennao. Upper portion of compound eyes deep red-brown, 
lower portion blackish. Thorax dark red-brown; mesonotum and sternum some- 
what brighter than pleura and pronotum. Pronotum dark-margined; postero- 
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lateral angle with heavy black shading; a longitudinal, black, streak, on each 
side between median line and lateral margin. Mesonotal seutellum blackish; 
tranfi^perse sutures pale reddish, likewise median area directly anterior to scutel- 
lum; median area of anterior and middle portion intermediate in color between 
sutures and remainder of segment. Anterior to wing roots, a wide, whitish, 
streak margined with black; below wings, another whitish area with dark mar- 
gins below and to rearward. Dark streaks above coxae on each side. Fore 
femur reddish brown; black at apex, deep red-brown median streak, black line 
along each margin. Tibia yellowish, tinged with reddish brown; deep smoky 
pre-apical area; lower margin blackish. Tarsus pale smoky. Middle and hind 
legs yellowish; black, apical, band on each femur; dark line along margin of 
each tibia; apical margin of tibiae tinged with pale smoky. Wings hyaline; 
veiy faint brownish tinge along costal margin. Venation deep red-brown. 6 or 
7 strong stigmatie cross veins, distinctly aslant; other costal cross veins weak. 
All veins and cross veins in apical angle of wing heavier than elsewhere. Costa, 
subcosta and radius margined with dark brown at base; brown shading around 
bases of other main veins. Hind wing outlined in dark brown. Basal portion 
of costal margin and of the two main longitudinal veins dark brown. Wings 
as in figures 1 and 11. 

Abdomen blackish brown dor^aUy, somewhat paler ventrally. Posterior mar- 
gins of all segments narrowly black. A byaHne whitish dorsal patch on each 
of tergites 3-S, larger on axdeal than on basal segments; traces of a black, 
median, geminate, line on each pale area. A black, longitudinal, streak, usually 
interrupted, lies halfway between median line and lateral TYiarginu; — laterad of 
this, another small, hyaline, whitish, spot, near anterior margin in basal tergites, 
but lengtheuetl into a pa.e stieak on tergites 6-3; on 8, this streak and the 
pale, dorsal, patch are confluent posteriorly. Tergites 9 and 10 red-brown like 
thorax. Hyaline areas on steriiites next to pleural fold in antero-lateral angle, 
and along anterior margins. From the latter area short, irregular, pale, larlan- 
gles may extend backward into the darker portions of the stemites; anterior 
half of median line likewise hyaline. Forceps base, penes, and basal joint of 
forcejis reddish brown; distal portion of forceps pale (fig. 3). Basal forceps 
joint widened at base, suddenly narrowed and bowed near the middle of its 
length, much as in Choroterpes. Genitalia as in figure 3. A long, slender, 
spine seems to be present on inner margin of penes (fig. 44). Tails pale, the 
segments irregularly tinged with smoky; joinings purplish black, alternately 
wide and narrow. 

Female imago. — Body 5-^5% mm.; wing 5-6 mm. 

Head very light reddish brown. Dark markings as in male; also a wide, 
black, band across head between ocelli, another back of ocelli along posterior 
margin; usually two small, pale, submedian, spots on posterior margin. Basal 
joints of antennae smoky. Pronotum concolorous with head; wide, black, mar- 
gins, and a triangnlax black mark on each mde of median line. Mesonotom 
darker red-brown; seutellum and median line directly anterior to it, blackish- 
Pleura and sternum largely yellow, the former tinged with red-brown, and marked 
with black as in male. Legs much as in male; a longitudinal, black, hair-line 
on each, from coxa to tip of femur. Entire costal space in fore wing very 
light red-broTO, hyaline; wing may be slightly tinged with brown elsewhere. 
Outer fork of radial sector much less distinctly .sagged than that of male; vena- 
tion deeper in color and more conspicuous. Abdominal tergites with essentially 
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the same coloring and pattern as in male, hut pale areas more or less com* 
pletely sujffused mth reddish brown. Usually a pale, lateral, triangle, a nar- 
row, median, line margined with black, and two small, submedian, TnnTTrp on 
the anterior margins remain, in tergites 1-7. Pale areas more extensive on 
tergites 8-10. Stemites yellowish; posterior margins of all very narrowly dark- 
ened, that of stemite 1 most prominent. Stemites 2-7 marked as follows. 
Dark mark or streak in postero-lateral angle; dark line extends laterad of this 
toward median area, where it is conjoined to the posterior end of a dark sub- 
median curved mark: ( ). Stemite 8 with dark shading around margin of 
the egg valve. Stemite 9 unmarked. Tails pale brownish; joinings as in male. 

Nymph — Head reddish brown ; small pale areas before median ocellus and 
at bases of antennae; a large, pale, area on each side, between eye and lateral 
ocellus. Vertex and occiput heavily shaded with blackish, leaving four pale, 
sub-median, spots, those nearer the posterior margin being larger. Antennae 
wholly pale. Pronotum yellowish; lateral margins and antero-lateral angles 
blackish. A trident-shaped, blackish, marking in median area, points of trident 
directed laterad and caudad. Mesonotum yellowish, shaded with black la antero- 
lateral area and above wing roots. Sternum yellowish. Legs yellow. Femora 
may be tinged with red-brown; narrow black line at apex of each, and bladh, 
longitudinal, hair-line basally on inner surface. Basal fourth of fore femur 
pale. Basal abdominal tergites of female nymph largely blackish brown; lateral 
margins yellowish, occasionally also the anterior portion of median line, and 
narrow, lateral, streaks. Tegrites 4r-7 blackish brown, but with more extensive 
pale markings, located thus: median line (except at posterior margin) and 
areas on each side of it at anterior margin; oblique, lateral, streaks halfway 
from median line to pleural fold. Tergites &-10 largely ydlowish; posterior 
margin brown, likewise a wide, lateral, stieak next to pale, outer, margin, and 
short, submedian, dashes at anterior margin. Posterior margins of all tergites 
darker. Male nymph has more extensive pale, median, areas on each tergite. 
Stemites yellowish, sometimes with faint red-brown tinge, most noticeable in 
male. Posterior margins nairowly darkened, in median area, but with wider 
and darker maik near lateial margin. Gills greyish, or with yellowish tinge; 
trachea and its minute branches black. Tails yellow; joinings opaque in young 
nymphs, red-brown in mature specimens. Tails of a partly-grown nymph are 
more tlian twice the length of the body, median tail longer than the laterals. 

Thoiv 1() bo 110 slriicliiral differences between this species 
and *V. finefus, so tlial it is difficult to distinguish the species rep 
resented, from the nymph slough. The slightly larger size and 
darker ventral markings of the nymph which is here treated as 
thief usi, plus the darkened second antennal joint, serve to distinguish 
the nymphs of tinofus and jitUo. Because of the size and ventral 
markings, it seems probable that the two species of nymphs treated 
as tinctus and julio have been correctly associated. 

Ilolotype — ^Male imago. Rio Oidra, Adjuntas, P. E., Mch. 24, 
1935 (J. O. Needham, J. Garcia-Diaz). No. 1398.1 in Cornell Uni- 
versity collection. 
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Allotype — ^Female imago. Ytmez River, P. R., June 21, 1935. 
No. 1398.2 in Cornell collection. 

Paratype*!! — S6 male images, 3 female imagos; Rio Cidra, Ad- 
juntas, P. R., 24 1935; Luquillo Mts., P. R., Peb. 18, and 

June 9-14, 1933; Yunez River, P. R., June 21-22, 1935 (J. G. Need- 
ham, J. Garcia-Diaz ) . Nos. 1398.3—41 in Cornell collection. Of 
^hese, four Avere reared from nymphs. 

Other specimens of imagos were taken from the following local- 
ities, (luring 1935, by Dean Garcia-Diaz. Lares, Guajataca Creek, 
llch. 23; Lpquillo Mts., June 7-14; Hicaeo River, Mch. 7; Yunez 
River, June 21-22, and Aug. 12-15; E] Yunque Trail, June 12, and 
July 27; Trouts (Veek No. 1, June 9; and La Mina Recreational 
Area, July 14. N>Tnphs were oUeeted at Marieao, Meh. 23; Guay- 
nabo River, Peb. 21: Hicaeo River, Eio Blanco, Mch. 7; Trout's 
Creek No. 1, June 9; Tallaboa Alta River, Feb. 25; Yunez River, 
Feb 27; and El Ymiciue, Luquillo Mts., Peb. 18 and June 9. 

Neohagenulus tinctus, sp. nov. 

Di^tmguished from N, julio bv the distinctly broTin-tinged Avmgh and more 
prominent cross Teins. 

Mal(* ima^o. — ^Body 5-6 mm.; wing 5%-6 mm. 

Hoad dark reJ-bronn; black markings on frontal margin, at bases of an- 
tennae, and around ocelli. Upper part of eyes red-brown (in some of the 
paratopes, dark purplish brown). Ocelli milky white. Basal joint of antenna 
blackish at apex. Thorax dark red-brown. Pronotum, mesonotal scutellum, and 
pleura heavily shaded with black. A paler area anterior to wing roots, en- 
closed by black shading. Legs as in N". julio; however, the dark, apical band 
on eaih feniiir is narrower, less conspicuous. Pore wings distinctly, hind wings 
faintly, brown-tinged throughout; color slightly deeper in apical third of fore 
wing. All veins red-brown; those in costal margin of fore wing (costal, sub- 
costal and next succeeding space) somewhat thickened. 8 to 0 stigmatic cross 
veins, very prominent, somewhat aslant; this area most deeply stained with 
brown. In holotype and most of the paratypes, all cross veins in fore wing 
distinct (in julio, those back of radial sector usually invisible). 

Abdomen as in K, julio. In holotype, entire abdomen rather paler, dark 
bands on posterior margins of segments slightly wider; se\eral of the paia- 
types are as dark as julio, the posterior bands not wider. Tails and genitalia 
as in Julio (in both q»ecies, slight varialionB occur in ^pe of penes). 

No apparent structural differences between Ibis species and jY, 
juiir* have been noted, either in the imago or the nymph. Thus, 
finvfu'< might be treated as a dark form of julio. The two species 
may bear much the same relation to one another as do Blasfurus cu- 
ljklii<i and Blasturiis nehulosiius, among the Nearetic members of this 
subfamily. 
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Female imago. — ^Body 5%-6 mm.; wing mm. 

Very similar to N. jvilio. Wings distinctly brown tinged; costal band on 
fore wing red-brown, darker than in ^uUo; cross veins somewhat more pro- 
minent. Abdominal tergites reddish blown rather than the blackish brown of 
juUo, Thus, in the female of juho, thorax and abdomen are dissimilar in color, 
while in Hnetus these areas are essentially similar. Apical tergites relatively 
lighter in color than in julio, in allotype and some of the paratypes. Abdominal 
sternites suffused with reddish brown, paler than tergites, but distinctly more 
reddish than same region in juUOj thus showing less contrast between dorsum 
and \ enter. Dark markings of venter usually confined to the narrow, dark, 
posterior, margin of each sternite. 

Nymph — ^Very similar to that of N. juUio, with these differences. Second 
joint of antenna blackish (dark area confined to apical half of segment, in 
some specimens). Ventral abdominal markings more extensive; dark, posterior, 
margins of sternites wider and darker, often bordered by reddish brown shad- 
ing; entire venter may be tinged with reddi^ brown. In some specimens, the 
gills have a faint reddish or purplish tinge. 

Ilolotype — ^Male imago reared from nymph. Camp Lab. 48, Lu- 
quillo Mts., P. R., June 13, 1935 (J. Garcia-Diaz). No. 1438.1 in 
Cornell University collection. 

Allot yix — ^i'^’emale imago. Bio Cidi*a, Adjuntas, P. K. March 
24, 1935 (J. 0. Needham, J. Garcia-Diaz). No. 1438.2 in Cornell 
collection. 

Paratypes — 18 male images, 34 female images. Luquillo Mts., 
P. R., June 8-14, 1935 ( J. Garcia Diaz) ; Rio Cidra, Adjuntas, P. R. 
Mch. 24, 1935 (J. G. Needham, J. Garcia-Diaz). No 1438.3-54 in 
Cornell collection. Of these, one female was reared from the nymph. 

Other images of this species were taken by Dean Garcia-Diaz at 
the stations listed above; likewise at La Joba Creek, Rio Blanco, 
P. R., Meh. 7, 1935. A speimen from the Luquillo Mts. is dated 
Feb. 18, 1935. Nymphs were collected at Lares, Guajataca Creek, 
P. R., on Mch. 22 at Rio Prieto, Bio Blanco, Mch. 7, 1935. 


Neohagenulus luteolus, sp. nov. 

Larger and paler than N. julio or W. twotus. Wing veins amber or yel- 
lowish. Fore xibia of male whitish except tip, femur red-brown. 

Male imago — ^Body 6%-7 mm.; wings 7 m.. 

Head yellowish. Black markings on frontal area, at bases of antennae, 
and around ocelli. Upper portion of compound eyes orange. Ocelli milky white. 
Antennae pale. Pronotum yellowish with reddish tinge; margins, and a curved, 
lateral, streak on each side, black. Mesonotum eoneolorous with pronotum; sen- 
t^lum smoky. Pleura light reddish brown; a wide, blackish, streak anterior 
to wing roots, enclosing a pale line; black shading below wing roots and 
around bases of legs. Anterior half of metanotum red-brown, margined poste- 
riorly with black. Posterior half yellowish; black, lateral, spot above leg base. 
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Sternum darker red-brown. Satores^ and lateral areas of mesostemnm behind 
middle legs, yellowish. 

Fore femur rather dark red-brown, with narrow, black, pre-apieal, line; ex- 
treme tip yellowish. Tibia very pale, yellowish or whitish; a rather wide, 
pre-apical, purplish black, band, and a dark streak backward from this along 
lower margin, to about middle of segment. Tarsus pale yellowish; distal joint 
faintly smoky; a pale smoky streak along lower margin. Middle and hind legs 
pale yellowish. Two small, black, spots, unequal in size^ near apex of each 
femur, and a faint blackish, longitudinal, hair-line above center of each. A 
smoky longitudinal streak near middle of hind femur, on some specimens (not 
present in holotype). Wings hyaline. All veins pale amber to yellowish; those 
in cubito-anal area often so pale as to be invisible. Gross veins distinct in 
first three spaces behind costal margin only. 8 to 9 stigmatie cross veins, 
slightly aslant, are somewhat heavier than others; entire stigmatie area very 
faintly amber-tinged. Extreme base of costa, to humeral cross vein, thickened 
and blackish; costal space before this cross vein reddish brown. Costal margin 
and first vein in hind wing purplish grey at base. Hind wing as in figure 47. 

Abdomen pale yellowish or whitish (no reddish tinges except at base and 
apex), with greyish black, dorsal, markings. Posterior margins of all tergites 
rather widely dark; lateral area of each likewl«^ deep grey, this dark» band 
enclosing a pale V-shaped mark which does not reach to posterior margin. 
Median area of each tergite hyaline, wholly whitish except for dark posterior 
band; outer margin of this pale area curved, ( ). A small black spot over 
spiracle. Segments 8-10 opaque, tinged strongly with reddish brown. Sternites 
1 and 2 likewise reddish brown with smoky tinge; 2 paler than 1; each with 
two hyaline submedian marks, which are dots on 1, streaks bounding the dark- 
ened ganglionic area on 2. Sternites 3-7 pale, hyaline; posterior margins, and 
a lateral streak paralleling the pleural fold, smoky brown. Tails (missing from 
holotype) pale yellowish white; joinings black, alternately wide and narrow, 
the narrow joinings less darkened. 

One of the male paratypes differs from the above description thus: head 
and entire thorax reddish brown, sternites 2-7 with distinct purplish-red tinge. 

Female imago. — ^Head purplish black; two small, pale, submedian, spots 
on occiput; a pale, narrow, transverse, line between lateral ocelli; pale areas 
along posterior margin, at bases of antennae, and on outer margin of each 
lateral ocellus. Antenna yellowish; second joint blackish in apical third. Tho- 
rax light reddish brown. Lateral margins, and almost the entire median area 
of pronotum, blackish. Mesonotal seutellum, and median streak directly an- 
tezior to bladdsh. Pleura as in male. Sternum paler than dorsum. Median 
area, and anterior margin of mesostemum, darker (however, posterior half of 
mesostemum is pale). 

Fore femur dark reddish brown; tibia blackish; tarsus pale, a smoky 
blotch near apices of 2nd, 3rd and 4th segments, on lower margins; a reddish- 
black line at apex of distal segment. Middle and hind femora yellowish, with 
reddish tinge, most evident on hind femur and at apex of each; a longitudinal, 
black, hair-line extends the length of eadi; near apex of eacdi, a black spot. 
Middle tibia deep smoky, hind tibia somewhat paler. Tarsi siiiiilar to fore leg, 
but smoky markings paler. Wings hyaline, brown-tinged throughout. AH veins 
reddish brown. Costal band on fore wing reddi^ brown, as in l\r. 
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Cross veins somewliat less distinct than in that species^ especially behind the 
outer fork. Wing broader in proportion to its length thfl.n m tvnotus. 

Dorsum of abdomen predominantly blackish broTm; pale areas yellOTvish, 
with faint reddish tinge. Daik dorsal areas much as in male, but more ex- 
tensive, on tergites 1-7. The pale, lateral, mark surrounded by dark 
is wider than in the male, and curves dorsad apically. The pale, median, areas 
are smaller than in the male, becoming progressively larger in size from base 
toward apical tergites. On tergite 8, only small, lateral, areas and a narrow, 
posterior, margin are darkened, so that the tergite is largely pale. Tergites 9 
and 10 are almost wholly yellowish; anterior margin of 9, posterior margin 
of 10, and lateral margins of each, blackish. Traces of dark, submedian, 
streaks are visible within the pale median patches, on tergites 1-7. Stemite 1 
somewhat tinged with reddish brown; all other sternites yellow; posterior mar- 
gins very narrowly darkened. Faint dark median markings on stemite 6, and 
around egg valve on stemite 7. Tails greyish brown; alternate joinings blackish. 

In both paratypes, the pale, median, areas on the tergites are much re- 
duced in size, as compared with the above description. (The middle and apical 
portion of abdomen is missing, in one paratype). 

Nymph. — ^Distinguished from N. svho and N. tinetus by: 1) the some- 
what larger size; 2) the shorter spines on femora and tibiae (figs. 15 17); 3) 
the fact that that there is no continuous pale area between eye and ocellus; 4) 
the median dark ventral mark. 

Head dark reddish brown, heavily shaded with black between and imme- 
diately anterior to eyes. Yellowish areas around antennae, at outer margin of 
each lateral ocellus, and at inner margin of each eye. Thus, there is no con- 
tinuous pale space between eye and ocellus. Antexmae wholly pale. Median 
portion of occipital border, and four submedian spots on occiput (the anterior 
pair of these the larger), are pale reddish. Labium 2% times as wide as 
long; in tinetus, julio, 2 times as wide. Thorax as in julio. Legs yellowidi, 
distinctly tinged with pale i eddish brown. Basal third of fore femur wholly 
pale. iSvo black spots, unequal in size, at apex of each femur. Spines on 
femora and tibiae shorter, much less prominent than in julio or tinetus. Ab- 
domen of female nymph largely blackish brown dorsally, on tergites 1-8; pale 
median and lateral marks as in adult; median area of 8 more extensive tlian 
on preceding tergites. Tergites 9 and 10 almost wholly pale; lateral margins 
darkened, also posterior margin of 10. Dorsum of male vrith larger pale areas;, 
as in adult. Venter of abdomen yellowish. A short, black, median, transverse 
mark on each stemite, somewhat anterior to the posterior margin. Tails whofly 
yellowish, except in mature nymph. Gills with a greater number of short, lat- 
eral, branches than in jvUo, Unotus. 

Holotype — ^Male imago, reared from nymph. Camp lab. 46, Lu- 
quillo Mts., P. R., June 9, 1935 (J. Garcia-Diaz) . No. 1439.1 in 
Cornell University collection. 

Allotype — ^Female imago, reared. Same data No. 1439.2 in 
Cornell collection. 

Paratypes — 2 male imagos, 2 female imagos. Same locality same 
Collector. June 7-14, 1935. No. 1439.3-6 in Cornell collection. 
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In addition to the three reared species of Neohagenulus, many 
specimens of nymphs of a distinctly larger size are present in the 
Puerto Eiean material. Xone of these has been reared. Two dif- 
ferent species seem to be represented; these are designated by num- 
ber only. 

Neohagenulus sp. No. 1 

Xymph. — ^Body of female 7-8 mm. in length. Second joint of antenna 
black. Spines on femora and tibiae relatively long, as in N, juUo and N, 
tinctns. Pale area between eye and ocellus not divided by a dark line. Head 
and thorax red-brown. Abdomen of mature female dark red-brown dor sally. 
On each tergite, dark, submedian, streaks enclose a pale, median, line; a pair 
of palCt submedian, spots at anterior margin; lateral markings as in tinctus. 
Venter paler red-hro^vn; anterior margins of each sternite narrowly darkened; 
intersegmental areas pale; an oblique, dark, mark on each side near posterior 
margin, halfway between median line and lateral margin. A single large fe- 
male imago, body marked as in nymph, may represent the mature form of this 
species. 

Hymphs of this species were collected at £1 Sucio, P. B., in 1934 (Dr. 
Francisco M. Pagan). Other specimens are from Guajataca Creek, Lares, P, E., 
Mch. 22, 1935 (J, G. Keedham, J. Garcia-Diaz) ; Eio Prieto, Bio Blanco, P. B., 
3Ieh. 7, ’35 (Xeedham, Garda-Diaz); El Yunqne Trail, Lnquillo Mts., June 
10, *35 (J, Garcia-Diaz). The large female imago was taken at La Catalina, 
Luquino Mts., ApL 15, 1935 (J. Garcia-Diaz). 

NeohageBulBs sp. No. 2 

Nymph. — ^Body of female 7-8 mm. in length. 

Head pale red-brown. Pale area between eye and ocellus not divided by 
a dark line. Antenna wholly pale. Thorax yellowish to pale reddish brown; 
dark markings as in the species previously described. Spines on femora and 
tibiae about inteimediate in length between those of 27. luteohis and the other 
three species. Dorsum of abdomen in both sexes largely yellowish. Posterior 
and lateral margins of tergites, and a mark near postero-lateral angle of each, 
blackidi. Venter yellowish. Posterior margins of stemites may be narrowly 
darkened throughout, or the dark area may be confined to the lateral portion 
of each. 

Nymphs of this species are from Bio (Sdra, Adjuntas, P. B., Mch. 24, 
1935 (J. G. Needham, J. Garcia-Diaz) ; La Catena, Luquillo Mts., Apl. 14-15, 
1929 (J. Garda-Diaz); and El Tunque Trail, Luquillo Mts., Feb. 18, *35 
(Needham, Garda Diaz). Other specimens taken by Dr. Frandsco M. Pag&n 
at El Budo, Penuelas, P. E., in 1934, may be of this species, but are too dis- 
colored to permit of certain determination. 


Genus Borinquena gen. nov. 

Allied to Hagenulus and Neohagenulus. Rather small mayflies, wings of 
the known spedes 5 to 5% mm. in length. Upper portion of compound eyes 
of male much flattened (fig. 22, lateral aspect). In dorsal view, upper portion 
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is oval; a small area of lower division is also visible from this aspect. Eyes 
not contiguous apically, separated by distance equal to -width of upper portion. 
Lateral ocelli very large, median ocellus barely visible. Posterior margin of 
head of female almost straight between the eyes. Pronotum someA\hat excavated 
in middle of posterior margin. Fore legs of male longer than body; tibia 
fully twice as long as femur, tarsus subcqual to tibia; basal tarsal joint very 
short, 2nd and 3rd joints subequal, 4th about % as long as the 3rd, 5th about 
% as long as 4th. In hind leg of male, femur slightly more -than half ad 
long as tibia; tarsus shoit, about % the length of the femur. Hind femur 
of female three-fourths as long as labia; tarsus as in male. Claws on all 
tarsi dissimilar. 

Foie uma as in figure 4. Oute** fork of larlial sector deeply sagged at 
end of stem, in both sexes. Before the bulla, 3 or 4 weak costal cross veins; 
bejond bnlla, 3 to *5 weak veins before stigmatic area, which contains 7 or 8 
well developed, slanting, cross veins. Cubital intercalary and first anal vein 
joined near base. Hind wing veiy small, drawn out into a long, slender, point; 
two longitudinal veins only, no cross veins (fig. 10). 

Forceps base entire, bearing at median area of apical margin two short, 
tmger-Jike, piocesses (fig. 8). Forceps very distinctive; basal joint very long, 
somewhat unrro-ived at apex; the two distal joints subequal, together about 
equal to % of length o£ basal joint (fig. 12). Penes elongate, rod-like, usually 
closely ap[)rc&bod on inner margin; each bears on ventral surface a small, hook- 
like, projection, well below the apex. A correspondingly long o-vipositor is borne 
by the female, as a development of the 7th sternile (fig. 2). Apical margin 
of subanal plate of female with a deep V-shaped cleft. 

Nymph romiiiiscent of Choroterpes in proportions of head and body and 
in general appearaueo, aside from structure of gills. Mouthparts likewise very 
similar to those of Choroterpes (see figs. 82, 83, 35, 38, 40). Spines on fore 
femur longer and fewer in number than in Choroterpes hasaUs Bks; on hind 
femur, reduced to a relatively few short spines on hind margin (in C, basaUs^ 
these arc moie numerous and more widely di'tributed'). Hind tibia likewise 
with relatively few s})iues, mo'-t of those clustered near apex (in 0. hasalis, 
those spines are very numerous aud generally distributed). Claws pectmate. 
Short postero-lateral ‘•pines present on segments 6-9, that on 9 being longest. 
Gills single, filamentous; each contains a single, unbranched, trachea (figs. 19, 
39). Tails throe; median tail distinctly longer than laterals, and ddghtly 
longer than body of nymph. 

Genotype — Borinquena carmencita, sp. nov. 

The above characterization of the geiiu« is based on the geno- 
type, and does not hold for the abnoraal species B. contradieens as 
regards shape of hind wings and length of male forceps. 

Key to Species of BoEmQin&NA 
ADULTS 

1. Wing very much reduced, having but two longitudinal veins, no cross veins; 
forceps of male very long, eqnal to combined lengths of last three ab- 
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dominal segments; abdominal lergites of male yellowish, wings brown- 

tinged carmencnta 

Wing much less reduced, haying four longitudinal and several cross veins; 
forceps of male shorter; abdominal tergites of male whitish, wings not 
tinged ^-oontradioens 


NYiTPHS 

1. Gills distinctly widened in basal third of their length; abdominal tergites 

of male yellowish, dark posterior margins narrow (xyiitradicens 

Gills tapering more uniformly, not distinctly widened at base; abdominal 
terLf^tes 7 and 10 of male wholly yellow, 8 and 9 blackish; dark pos- 
teiior margins of other tergites wide oarTneTieita 


Borinquena carmencita sp. nov. 

Wim,-^ faintly brown-tinged; abdomen yellowish, dark-banded doraally. 

Alale imago. — ^Body 3% mm.; wing 5-5^2 nun. 

Head -^ory dark red-biown; antennae blown; lateral ocelli pearly white; 
eyes blue-black. Pronotum yellowish brown; lateral margin and postero-lat- 
eral angle dusky. Anterior margin of prothoracie pleura blackish; an oblique 
streak across central portion. Mesonotum rather dark red-brown; anterior lobe 
dc.t • fr r I • '-Iti’nr ha’f of in*Mlian line, including middle of seutellum, and 
oblique, lateral, extensions forward from median line to wing roots, yellowish. 
Pleura pale red-hrovni, yellowish around leg bases. Wide, purplish black, stripe 
extends forward from wing roots; blackish markings below wings and near leg 
bases. Metanotum olive brown; posterior margin and scutellnm du^. Ster- 
num red-brown, darkest across anterior portion of mesostemum. Coxa and 
trochanter red-brown. Pore femur deep purplish brown, with prominent yellow, 
pre-apicpl, band; pale brown at base. Middle and hind femora mmilar, but 
distinctly yellowish at base. Tibiae dark olive brown, with faint red-brown 
tinffc. r tre tars\s similar to tibia but paler On middle and hind legs, basal 
and distal I'oints of taisi yellowish, intermediate joints light red-brown, join- 
ings very narrowly yebow. Wings hyaline, iridescent, faintly brown-tinged (figs. 
4, 10'. Venation dark red-brown, 

Ablomen yellowish, «emi-npaque. Tergites 1-6 with wide, pnrplish black, 
posterior, margins, these bands ividest at middle and at each end; at median 
line, a ]»aie streak may divide the anterior half of this dark border. Anterior 
extensions from each end of this dark band form an elongate, dark, oval, mark 
enclosing a pale area: its sides are two dark lines parallel to the pleural fold, 
cemioined at each end, and extending forward almost to the anterior margin. 
The dark oval is not well defined, on tergite 6. On tergite 7, the dark posterior 
band is narrower, and has no lateral extensions; a round, dark, spot is present 
near the x>ostGro-lateral angle, another at spiracular area; on some specimens, 
a smaller, dark, dot may occur between these. shading also occurs along 

the anterior margin of each intermediate tergite, usually as small patches on 
each side of median line. Geminate, dark, ndd-dorsal, streaks are faintly in- 
dicated on some specimens, most distinct at each margin. Tergites 8 and 9 
largely deep purplish brown; anterior margin of 8, area adjoining posterior 
margin of 9, traces of median streak, and wide, lateral, margins are yellowish. 
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Tergite 10 yellow, with reddish tinge. Sternites 1-7 with posterior margins 
faintly dusky; sternites 8 and 9 tinged with light red-brown. Tails dark olive 
brown with reddish tinge; joinings darker. Genitalia as in figures 12 and 
37. Foreops base light red-brown; forceps dusky, darker at apex of long joint. 

Specimens takeii on June 7, in the same locality as the holotype, 
appear much darker; pale l)ands on femora more or less obscured; 
posterior daik borders on abdominal tergites more extensive; thorax 
deeper red-bowii; wings more strongly brovn-tinged ; all markings 
more inten^^e in color. No stiiictural differences ai’e noticeable. 
Nymphs of these darker forms are not known, hence it its not pos- 
sible if determine whether these represent another closely-allied 
species, or are merely darker forms of the same species. 

Fenujlo imago. — Body 5 % mm.; wing 5 % mm. 

Very similar to male, aside from usual sex differences. Mesonotum paler 
brown than in male; a V-sliaped yellow mark and an antero-lateral extension 
of this on each side, anterior to scutellum. Wings as in dark form of male. 
Abdominal tergites 1-5 largely obscured by blackish shading, leaving on each 
side a pale, rounded, spot; antero-lateral angles, a narrow, median, line in an- 
terior haU, and submedian streaks on each side of dark geminate lines, like- 
wise pale. A wider, pale, band across central area of tergite 6, in dorsal por- 
tion. Tergite 7 almost wholly yellowish except for lateral, dark, oval, mark 
and narrow anterior and posterior margins. Tergites 8 and 9 largely blackish; 
pale, median, line on each; traces of pale, submedian, streaks, at posterior mar- 
gin of 9; lateral areas of each pale. Tergite 10 yellow. Sternites 7-9 shaded 
with pale red-brown. Long ovipositor on stemite 7 (fig. 8) extends beyond 
apex of abdomen for % of its length; pale yellowish, with dark, longitudinal, 
streak on each side. Tails somewhat darker than in male. 

Nymph. — ^Frontal portion of head yellow yith faint brownish markings. 
Wide, blackish, band across head between lateral ocelli, usually extending laterad 
to eyes. Remainder of vertex, and occiput, yellow, more or less obscured by 
lateral and transverse darker markings, leaving pale posterior margin and a 
pair of pale, submedian, spots. Thoracic notum yellow; in female, extensive 
dark markings on median and lateral areas of pronolum, antero-lateral and late- 
ral areas of mesonotum, also dark streaks on each side of central portion of 
latter segment. In male these dark areas considerably reduced in size and 
extent on both segments. Legs yellow; dark markings at middle and apex of 
femur, in mature nymph. Abdomen yellow, except tergites 8 and 9, which are 
largdy blackish, in both sexes. Posterior margins of tergites 1-6 with wide, 
blackish, bands. Sternites unmarked. Gills deep purplish grey, tracheae black; 
more or less uniform in width throughout, 7iot distinctly widened at base (fig. 
19). Tails yellow, somewhat opaque at joinings. Postero-lateral ^ines present 
on segments 6-9; very small on 6, largest on 9. 

Holotype — ^Male imago. El Yunque, P. R., Feb. 18, 1935 (J. G. 
Needham, J. Garcia-Diaz) . No. 3 399.1 in Cornell University col- 
lection. 
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Allotype — Female imago. Luquillo Mts>., P. R, June 7, 1935. 
Xo. 1399 2 in Cornell collection. Same colleetoris. 

Paratypeis— .'6 male imago, 2 female imagos; El Yunque River, 
P. R., Feb. 18 and June 7, 1935, and Luquillo Mts., P. R., Feb. 17, 
1935. Home collectoi-s. No. 1399.3-57 in Cornell collection. 

A single male submago iras reared, thus establishing the correct 
ass-ciation b“t^vcen nymph and jmago. Specimens of this species 
were taken also from the following localities, during 1935 ( J. Gareia- 
Diaz I : Ilicaco River, Rio Blanco (Mch. 7) ; and Rio Cidra, Ad- 
juntas (Meh. 24). 

Botinquana contradicens, sp. nov. 


Beseznbles th^ type species of this genus in the rearward sag of the outer 
fork of radial sector and in the genitalia of the male, but with hind wings 
similar to those of Eagenulus caligatvs (fig. 50). Female with long ovipositor 
(fig. 34*). K’vmph quite like that of B. carmencita. Abdomen and legs of male 
imago inhitish; thorax and fore femur red-brown. 

Male imago. — ^Body 5 mm.; wing 5% mm. 

lload blackish brown. Compound eyes deep purplish black in npper por- 
tion. Purplish shading on ha^al joints of antennae; filament silvery white. 
Thorax largely red-brown. Pronotum, wide strip from wing roots to pronotal 
margin, and pleura of pro- and mesonota, quite heavily shaded with black. 
Peutellum, area anterior to and laterad of it, and posterior half of median area 
of mesonotuin, yelIowi’»h. Metathorax yellowish; purplish black markings on 
pleura and around wing roots and leg bases. Posterior half of mesosternum 
likewise yellowish. 

Pore femur red-brown. Tibia and tarsus of fore leg, and entire middle 
and hind legs, pale yellowish white. A purplish black patch at apex of fore 
tibia. Apites of middle and hind femora pale reddish yellow. Purplish grey, 
median, ][iatch on hind femur only. Wings hyaline; both wings red-brown at 
extreme base (in hind wing, largely in costal strips. Longitudinal veins very 
pale yellow in upper half of fore wing; in remainder of fore wing and all 
of hind wing, silvery white. Oro-s veins fine, silvery white; almost invisible 
except in stigmatlc area. Nino to eleven cross veins in this area; ifiightly 
aslant, yerow-tinged, and more distinct than cross veins elsewhere. Outer fork 
of radial sector in fore wing sagged prominently to rearward. Hind wing shown 
m fig. 50, SOB. 


Abdomen whitish; middle segments hyaline, basal and apical ones opaque. 
Posterior margins of tergites 3-10 narrowly purplish black, widest at median 
line; on 3 and 4, dark in median area only. Oblique, lateral, streaks of the 
same dark color extend the length of the s^ment on tergites 7-10; on 6 and 
0 fheee streaks may be incomplete at apical margin; not present on basal 
On tergites a purplidi black, stigmatic, dot; short, Wack, 
the ends of the posterior dark bands extend obUquely above these 
on tergites 4-8. A small, dark, spot on median line above the apical mar- 
t^te 5; a larger, dark, blotch on antero-median area of tergite 9. 
Steves unmrked. Genitalia as in figs. 36, 41. Tails mlveiy white; a pnr- 
phsh-hlack ring at each joming. ^ 
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Female (subimago ready to transform, cuticle partially removed). Body 
3%*-4 mm.; wing 5 mm. 

Body largely red-brown. Head and eyes blackish. Pronotum and meso- 
thoracic pleura heavily shaded with black. Mesonotal shield and median por- 
tion of mesosternum paler, yellowish to olive brown. Tip of scutdlum brown. 
Hetanotum yellowish; black markings laterally, especially around bases of legs. 
Legs (cuticle not removed) red-brown; fore leg darker than hind leg. Pur- 
plish, median, blotch on hind femur; apex dark red-brown. Wings (cuticle re- 
moved from fore wing) hyaline. Costal space basad of humeral cross vein dark 
red-brown. Humeral cross vein, costal margin, and subcosta, red-brown; ra- 
dius and first branch of radial sector same color, but less prominent. Gross 
veins from costal margin to first branch of radial sector light red-brown, fairly 
distinct, especially those in the stigmatic area, which are about 9 in number, 
and slightly aslant. Hind wing red-brown in basal costal space; tip, and en- 
tire outer margin, darkened. 

Abdomen red-brown dorsally, mottled with black. Median areas of tergites 
5-7 yellowish; pale, submedian, streaks on tergites 3 and 4. Posterior mar- 
gins of aU tergites purplish black, the dark band occupying about ^ of each 
tergite. Stemites M pale yellowish, 7-9 tinged with reddish brown. Posterior 
margins darkened, very faintly across median area, distinctly next to pleural 
fold. Tails (cuticle not removed) greyish, aU joinings black. Long ovipositor 
present, as in B. mrmenoiia (fig. 34). 

Nymph. — ^Body 5 mm. in length. Head yellowish. Irregular, pale brown, 
markings on frontal portion. A bladdsh, curved, mark on each side of base 
of antenna. Antenna yellowish; second joint may be darkened near base. A 
broad, blackish-brown, band extends across head between eyes, including the 
lateral ocelli. Posterior to this band, much grey shading; pale areas include 
a narrow strip behind the dark band, and three pairs of elongate-oval, sub- 
median, spots, those nearest the posterior margin being longest. Pronotum grey- 
ish brown, with large, bilobed, yellowish, areas on each sade. Mesonotom yel- 
lowish. Dark markings along postero-lateral margins; ifiiort, dark, submedian, 
streaks may be present. Blackish shading in antero-lateral areas, extending 
backward to wing roots. Metanotum yellowish; irregular brown, lateral, mark- 
ings. Sternum yellowish white. Legs yellowish, in immature nymphs. Traces 
of dark median and apical bands, on hind femur only, in yoimg nymphs; mature 
specimens may have dark shading and femoral bands on other legs also. Ab- 
dominal tergites 1-3 of female nymph blackish brown; tergites 4-^ same dark 
color laterally, but each with a large, pale, median area, these pale spots be- 
coming progressively larger in size from tergite 4 toward apex. Tergites 9 
and 10 largely yellow; 9 with narrow dark anterior margin. Abdominal ter- 
gites of male nymph yellowish, with narrow, dark, posterior, and oblique, lat- 
eral, dark markings, as in adult. Stemites of both sexes y^owish, unmarked. 
Tails of immature nymphs wholly yellowish, or silvery white; mature nymphs 
similar to adults. Gills distinctly widened in basal third (fig. 39) ; dark grey, 
tracheae black. Postero-lateral spines on 8 and 9 (no true processes on other 
segments) shorter than in B. earmeTicita. 

Holotype — ^Male imago. La Mina Eecreational Area, P. R., July 
14, 1935 (J. Garcte-DIaz). No. 1440.1 in Cornell University col- 
lection. 
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j\21otype — Female subimago, reared from nymph. Luquillo Mts., 
P. B. June 8. 1935 (J. Gareia-Diaz) . No. 1440.2 in Cornell eol- 
lection. 

ParatjT)esr--2 male subimagos, 1 female subimago, reared from 
nymphs. Luquillo ]Mts, P. E., June 8—14, 1935 (J. Garcia-DiazL 
No. 1440.3-5 in Cornell collection. 

Nymphs of this species were taken in the Luquillo Mts. P. R., 
on Peb. 18, 1935 (J. G. Needham, J. Garcia-Diaz). 

bUBPAMniY GAENINAB 

(Tenus Caeni^ Stephens 

Three species of this genus are represented, one by a female imago 
reared from the nymph, one by a female imago and tentatively as- 
sociated nymph, the other by a single nymph. These may be dis- 
tinguislied as follows. 

B[ey to Puebto Rican Spbcib» or Oaenis 

ADULT rsaCAXiES 

1. Fi\e longitudinal black stripes on znesonotum; no dark markings on 

femur sp. 1 

A single dark, median, line on mesonotmn; two ineompletoi blaeMsh, 
bands and a longitudinal, blaek, hair-line on femur sp. No, X 

isnrMPHs 

1. Dark area at base of antenna^ abdominal tergites largely suffused with 

blackish sp. No, IS 

No srueh dark area at base of antenna 5 abdominal markings somewhat 
more restricted 2 

2. Posterior portion of head largely yellowish ; numerous small yellow spots 

on me^onotum^ dark markings on apical tergites largely restricted 

to lateral areas sp. No, S 

Posterior portion of head laigely brown; mesonotal markings diffuse 
streaks; dark markings on abdominal tergites largely transverse 
bands sp. No, X 


Caenis sp. No. 1 

Female imago. — Body 3 mm.; wing 2% mm. 

Head heavily shaded with purplish black. Antennae pale. Pronotum grey- 
ish, margined and heavily shaded with black. Mesonotum reddish brown, with 
five longitudinal, black, stripes, one of these on median line. Pleura and ster- 
num yellowish to light reddish brown, darker at sutures. Venation purplish 
gr^. Legs light reddish brown; two black streaks on each coxa, no other 
markings. Abdomen yellow. Wide, black, bands on posterior margin of each 
tergite, the blackish shading often extending over half the segment. Tails miss- 
ing. 
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Taken at Rio Piedras River, P. E., May 23, 1935 (J. Garcia-Diaz). 

Two specimens, reared from nymphs. Head and thorax of nymph reddidi 
brown with yellow markings. Black band on head between bases of antennae^ 
another between eyes. Antennae yellowish. Two yellow i^ots on head, one be- 
tween bases of antennae^ the other along median line of vertex occiput. 
Median, dark, band on femur; wide dark band basally on tibia, band 

on tarsus. Anterior margin of pronotum rather widely flaring. Abdomen yd- 
iowish with black markings as in adulk 

Gaenis sp. No. 2 

Female (imago removed from subimaginal skin). 

Body 4 mm.; wing 3% mm. 

Head yellowish; black shading between eyes. Antennae blackish at base. 
Pronotum light reddish brown, with much black shading. Mesonotum reddish 
brown; median line, and streak anterior to wing roots, blackish. Pleura and 
sternum light red-brown; dark markings on pleura at bases of legs. Black 
shading on coxa; a black dot on trochanter; two incomplete, black^h, bands 
on femur, one near base, the other near apex, likewise a longitudinal, black, 
hair-line along margin. Venation light purplish grey. Abdomen yellowish. Tc»- 
gites more or less completely suflused with irregular blackish mottling, which 
on basal ones tends to form dark, posterior, bands. Tails yellowidi at base, 
paler apicaUy; not darkened at joinings. 

Rio Piodras River, P. R., May 23, 1935 (J. Garda-Diaz) . 

A single specimen. A last-stage nymph, about to transform, taken at same 
time and place, is tentatively associated with this female, because of dark 
area at base of antennae, the diffuse dark abdominal markings, and the single 
dark, median, line on the exposed mesonotum of the subimago. Anterior margin 
of pronotum less flaring than in nymph of Camis sp. No, 1; dark markings 
on abdominal tergites rather more suffused. Legs missing. 

Caenis sp. No. 3 

This species is represented by a single nymph, taken at same time and 
place as other two spoeies. Body more slender than in either of the two pre- 
ceding efpecies. Head largely yellowish, except for wide, dark, bands between 
bases of antennae and eyes, narrow continuations from these bands forward to 
the clypous, and brownish, lateral, speaks extending forward from the narrowly 
dark posterior margin. Antennae yellowish. Pronotum mainly blackish, but with 
a large, yellowish, spot on each side and another on posterior half of median 
line. A series of small, yellow, spot^ on the red-brown mesonotum are located 
as follows: one large spot on each side anterior to wing roots; one large spot 
laterally on anterior line; four small spots between median line and wing roots; 
and a pale, oblique, streak on anterior margin at median line. Two small, 
black, submedian, spots near posterior margin of mesonotum, behind these a 
pale area. Costal margin of wing pad heavily shaded with blackish. Legs y^- 
Iowish. Pre-apical black spot and diffuse band on eaeh femur; dark proximal 
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band on each tibia, another near base of tarsus on fore leg only. Dark marks 
on pleura above bases of middle and hind legsj small, dark, streak at apex of 
iroehanter on these legs. Abdominal segments y^low; basal tergites heavily 
suffused with blackish; tergite 10 yellow-brown with no black markings; oth^ 
tergites pale in median area and along each margin, lateral areas blackish. Tails 
yellow, not darker at joinings. 

SUBPAMILT BAETTNAE 

The three genera Baetis, CcuLbaetis, and Cloeodes are represented 
in this material. These may be distinguished as indicated in the fol- 
lowing keys. 

Key to PrERTO Ric\n Genera op Baepinae 

ABUI/rS 

1. Hind wing present 2 

Hind wing absent Cloeodes 

2. Fore wings usually with numerous costal cross veins before the bulla; 

hind wings with a moderate number of cross veins, the costal projec- 
tion obtuse - CaXlibaetis 

Fore wings without costal cross veins before the bnlla; hind wings with 
no cross veins, or very few of them ; costal projection acute, may be 
hook-like Baetis 


Ke; to Puerto Bigan Genera op Baehnae 


NYMPHS 

1. GKIIs single on segments 1-7 2 

Gins donble on segments 1-6, single on 7 CaUibaeUs 

2. Hind wing bud present Baetis 

Hind wing bud absent Cloeodes 


Genus Callibaefis Eaton 

Females and nymphs of this genus were collected. The nymph-s 
were not reared, hence cannot be associated with the female except 
by inference. 

CaHibaefis comphta (?) Bks (2) 

Several females taken in September 1930 (Francisco Sein), at the Experi- 
ment Station, Bio Piedras, P. E., are tentatively placed in this species. The 
specbnens are in rather poor condition, so that it is difficult to be certain of 
the marking s on the body. No dark dots are evident on the thorax. Scutellum 
of mesonotum, and sj^dne-like median process of metanotum, dark brown. In 
some specimena, the median area of the mesonotum likewise appears darker th^-n 
other parts. The second joint of the antenna is slightly brown-shaded, in some 
specimens. Of this, Banks states: ^'second joint of antenna mostly dark brown.*’ 
Legs yellowish, having no dark dots; femoro-tibial joint red-brown; tarsal 
joonings narrowly dark; daws dark brown. 
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Wings much as described by Banks: broad brown sfaripe along front 

margin, covering the first three veins, and on base a little more; this brown 
fills the costal area to base, and also at tip, it contains a number of transverse 
hyaline white marks, mostly over veins, very few of these pale spots in the 
apical fourth'^. In the basal half of the costal E^ace, however, are many 
narrow, pale, areas along the cross veins, usually extending from costal Tm^rgin 
to subcosta, but sometimes broken up into two pale spots narrowly separated 
by a brown line. These pale areas usually extend for a short distance beyond 
the bulla only, but in a few specimens they occur also at the tip. Pale areas 
around veins in the subcostal space become round spots, except in the apical 
fourth, where they are narrow as in the costal strip. In the space below radius 
appear other and larger, pale, areas around cross veins, connected behind with 
the hyaline portion of the wing. These large pale spots are 5 to 7 in number; 
the largest occur near the bulla. All veins brownish. Gross veins behind the 
brown band about 22 in number; none very near the margin. Idarginal inter- 
calaries occur singly. 

Few or no small, dark, dots on abdomen, but larger, paired, submedian, 
dark, spots or marks on tergites and stemites; those of the tergites seem con- 
fined to the basal and middle segments, and the area between them appears to 
be darkened. Of C. oompleta, Banks says: ‘‘body of usual pale brownish, 
with many small, dark, dots, especially on the abdomen, beneath with larger, 
paired, dots, above on the abdomen the basal segments show a large, dark, 
spot in the middle, tending to form a stripe.’’ Tails whitish; dark-ringed at 
joinings, the rings of alternate joints wider and darker. 

Rather variable in size ; wings ranging in length from 5 to 7% mm. 
The length of C. completa is given as 7^4 ^am- ; type locality, Sole- 
dad, Cuba. 

Gallibaetis sp. 

Nymph. — ^Head and thorax dark red-brown. Pale areas around eyes, an- 
tennae and ocelli; vortex and occiput indisrinetly mottled, median line pale. 
Mouthparts normal for the genus. Median line of thoracic notum pale, like- 
wise tip of seutellum and areas anterior to wing rootd. Pleura and sternum 
paler red-brown; darker areas on pleura above leg bases. Legs light red-brown; 
joinings very narrowly darker. No distinct markings. Abdominal tergites red- 
brown; intersegmental areas pale, so that abdomen often appears banded. A 
narrow, yellow, lateral, lino half-way to margin extends the length of the ab- 
domen, but is usually concealed beneath the large gills. Pale areas on flattened 
lateral portion along anterior margin, so that this portion of the abdomen is 
alternately dark and light. A darker spot at base of each pair of gills. Stemite 
paler; a wide, median, band, obscurely darker red-brown, extends the length 
of the abdomen; on each side a row of small, dark, dots, located near an- 
terior margin of stemite. Gills double on segments 1-6, single on 7; larg^ 
with lower division of each pair (at least on intermediate segments) almost as 
large as the upper, and very similar in shape. Tracheation approaching the 
palmate condition ; tracheae purplish black, prominenl^ numerous. Taris y^* 
lowish to pale reddish brown, joiningB narrowly darker. A wide, dark, band 
across tail, formed by an area of long dark baira 

Body 6-7 mm.; tails 4^ mm. 
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Specimens were collected during 1935 at Tortuguero Lake, west 
end, ilch. 9 ( J. Gareia-Diaz) ; Cartagena Lagoon, Feb. 23 and Ang. 
10 (J. Garcia-Diaz) ; Florida Eoad, Feb. 28 (J. G.-D.) ; Experiment 
Station, Eio Piedras, May 23 (J. G.-D.). On May 5, 1931, Dean 
Garcia-Diaz took oilier similar nymphs at Las Cabezas, Fajardo. 

While it is probable that Callibaetis sp. is the nymph of C. com- 
phfa ( ?) Bks., this can be deiermined only by rearing of the nymphs. 
In this way, too, it should be possible to obtain the male, and other 
specimens of females which are in better condition tor determination. 

Genus Baetis Leach 

Three species of Baetis are present, one of which has been reared; 
the Ollier two are represented by nymphs only. Nymphs may be 
separated as indicated below. 

Kets to Puerto Rican Species op Bvetis 
NYMPHS 

1. Intexmediate gills asymmetrical; each about as long a? one abdominal 

segment plus half of another 2 

Intermediate gills symmetrical; each about as long as three abdominal 
segments together sp, Ifo. 1 

2. Gills on segment 7 distinctly narrower and smaller than those on 6; 

two dark bands on tail gardanus 

GUI on 7 very ^similar to that on 8; a single dark apical band on 
tail sp. No. B 


Baetis garciamis sp. nov. 

Male imago. — Body 3^ to 4 mm.; wing 4 to 4^ mm. 

Head rather dark reddish brown; antennae and eyes the same color. Tur- 
binate eyes oval, set on high stalks. Thorax dark reddish brown; interseg- 
mental areas of pleura, narrow stripes on each side of mesonotum, and areas 
around bases of legs and wings, paler. Legs pale yellowish white; coxae largely 
brown; narrow, dark brown, line at apex of trochanter and at each tarsal 
joinings. Wings hyaline. Longitudinal veins very faintly brownish in apical 
and basal portions; wing margin outlined in brown. Costa and snbeosta deeper 
bro’wn at extreme base; a small, dark, spot at base of subcosta and radius. 
Cross veins colorless. Stigmatic space and parallel subcostal space semi-opaque, 
filled with granulations. Three or four <>lanting, stigmatic cross veins, incom- 
plete toward subeosta. No marginal interealaries in first interspace, or in anal 
area; between media and cubitus, these may occur singly, elsewhere paired as 
usual. Hind '^ing very slender, with strongly hooked, covtal angulation, re- 
miniscent of Centroptilum (fig. 9). Two veins only, the first of these usually 
incomplete at apex; a faint brownish yellow stain at extreme base. 
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Abdominal segments 2-6 hyaline whitish. Posterior margins of tergites nar- 
rowly deep brown, in dorsal portion only; these marks often much fainter at 
median line. Postero-lateral area of each tergite occupied by a large olive- 
brown blotch, almost square, but with its anterior margin slightly concave- 
Antero-lateral areas remain hyaline white. On tergite 2, the upper anterior an- 
gle of the dark blotch eri;ends forward almost to the basal margin of the 
tergite. Dorsum of abdomen thus appears pale in middle area, with a wide^ 
broken, brown, band on each side. Tergites 7-10 deep red-brown, pleural margin 
paler; sternites olive brown with a faint reddish tinge. Tails white, tinged 
with yello^vish at base; joinings opaque but not darkened. Genitalia as shown 
in figure 5. 

Pemale imago. — ^Body 3%-4% mm.; wing mm. 

Head yellowishj narrow pale median line on vertex, lateral areas mottled 
with dark brown. Pronotum dark red-brown; median stripe and lateral areas 
pale. Mesothorax light red-brown; darker brown markings anterior to wing 
root; tip of scutellum whitish. Two pale, longitudinal, streaks on sternum. 
Metathorax dork red-brown. Legs as in male. All veins distinctly brownish; 
stigmatic cross veins 5 or 6 in number, better developed than in male. Ab- 
dominal tergites largely chestnut brown, with creamy markings. These pale 
areas include the antero-lateral angles, a narrow line along the anterior margin, 
basal half of median line, short, submedian, dashes from anterior margin, a 
small dot at end of each dash, and a lateral triangle based on posterior margin. 
Tergites S-10 paler than preceding ones. Pleural fold widely pale; small dark 
stigmatic dots, and a wavy, double, blackish, line along tracheal area. Sternites 
pale yellowish; dark red-brown shading next to pleural fold, and a transverse, 
brown, dash in each antero-lateral angle. Tails very faintly brown-tinged at 
base. 

Nymph (described from nymph slough of allotype, with additional notes 
from nearly-mature nymphs). Head light reddish brown; whitish areas around 
eyes, ocelli, and bases of anteiiae; antennae likewise whitish. Maxillary palp 
two-joiuted; labial palp three- jointed, very similar to that of Baetis sp. No. 
7, shown in figure 35. Epicranial suture and median line of vertex whitish. 
Thoracic notum concolorous with head; median line whitish; dijffuse darker 
markings and a few creamy areas anterior to wing roots. Pleura and sternum 
paler reddish bnnvu; brownish tcmMunar markings above leg bases. Legs pale 
yellowish, femora often witli faint brownish tinge; obscure brownish, pre-apical, 
mark on femur; a distinct dark brown ''knee spot’’; all joinings narrowly 
dark brown. Claws amber-tinged; pectinate. Abdominal tergites 1-7 slightly 
darker brown than thoracic notum; tergites 8-10 paler, 9 and basal half of 
10 usually yellowish. All tergites paler next to dark lateral margin. A dif- 
fuse x)ale, median, line on anterior half of each tergite, with obscure darker 
areas ou each side. All margins narrowly darker; posterior and lateral mar- 
gins of 10 widely dark; postero-lateral angles of all segments greyish brown, 
with a darker spot at base of gill. Sternites slightly paler than tergites; 
faint dark, lateral, streaks and obscure, obliquely-directed, submedian, dashes 
from anterior margin are often evident. Gills single, obovate, those of inter- 
mediate pairs asymmetrical (fig. 23). Tracheation pinnate; tracheae purplish 
black, conspicuous; main branch not extending as far as tip of gill, lateral 
branches not very nnmerons. Tails yellowish brown, crossed by two wide, dark, 
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bands; middle tail about two-thirds the length of the laterals. Body 4%-6 
nun.; tails 3-3^ mm. 

Holotype — Male imago. Tanama River, P. B., Marcli 13, 1935 
(J. G. Needham, J. Gareia-Diaz). No. 1400.1 in Cornell University 
collection. 

Allotype — ^Female imago, reared from nymph. Yunez River, 
P. R., June 21. 1935 (J. Garcia-Diaz) . No 1400.2 in Cornell col- 
lection. 

Paratypes — ^23 male imagos, isame data as holotype; 4 male 
imagus, Tanama River, May 12 ( J. Garcia-Diaz) ; 17 female imagos, 
same data as allotype. No. 1400.3—43 in Cornell collection. 

A male and female imago which seem to be of this species were 
collected at Isabela, P. R., April 24, 1930, and a male at Las Cru- 
ces. P. .. April 4, 1930, by Dr. M. D. Leonard. These specimens are 
in the Cornell collection. Njuiphs similar to that from which the 
allotype was reared were taken during 1935 (J. Garcia-Diaz) at Rio 
Cidiu (Mch. 231 ; Lnquillo Mts., (Feb. 18, May 26) ; Quebrada 
Tomey (Feb. 21) ; La Muda River (Feb. 9) ; Carrera River (Mch. 
9 1 ; Utuado Road (Mch. 13) ; Yunez River (Feb. 19, June 22 and 
Ai^. 15; Lares, Guajataca Creek (Mch. 22); Tallaboa Alta Rivei 
(Feb. 25); Cagiiitas River (Mch. 4); Almirante Road (Mch. 9); 
and Mameyes River (Mch. 8). 

The species described by Eaton (6), from the Rangel Mts., Cuba, 
as Ctn1ropfilu7H poeyi Btn., is probably a Baetis of the same aberrant 
tj-pe as B. gwcianus. Abdominal segments 2-6 of poeyi are “trans- 
parent whitish”, unmarked except that “the spiracles and tracheal 
trunks [are] darker in individual specimens”. The narrow, dark, 
posterior, margins of the tergites, and the lateral, Brownish, blotches 
of gareiunus, serve as distinguishing features. Were it not that 
D. yamanun was reared from a typical Baetis nymph, it would have 
been very difScult to decide whether to place this species in Baetis 
or Oentroptilum. Eaton notes; “intemeural veinlets of the ter- 
minal margin mostly in pairs,” — ^a condition distinctly reminiscent 
of Baetis. The hind wing, however, appears to be that of a Cen- 
troptilum. 

Baetis sp. No. 1 

Disconcertingly dose to B. garcutnus in general appearance, but 
slightly smaller, and differing ia the shape and size of the gills. 

Nymph — ^Head vary much as in B. gareiams. Masillary and labial palps 
as in that qpedes; latdal palp shown in flgnre 25. Xhotadc notnm somewhat 
more conspicuously marked. Bistinet paler areas antericn to wing roots, ia- 
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terspersed with darker markings; on each side of mesonotum an oblique, paler, 
streak, containing a dark mark, and surrounded by darker areas. Paler mott- 
ling laterally on pronotum. Pleura and sternum paler relatively than in B. 
garcianus, the dark, semi-lunar, markings above leg bases therefore more con- 
spicuous. Legs quite similar, but pre-apical band on femur has here become a 
^ider, longitudinal, streak in apical half of the joint, and the dark knee spot 
is 1 educed to a narrow line at the femoro-tibial joining. Abdominal tergite 1 
anrl the extreme base of 10 pale; remaining tergites rather unifoimly dark 
red-brown. Marked as in jR. gareimm, except that the posterior margins are 
distinctly darker; dark brown shading occurs in a crescentic area based on 
this margin, or in some specimens as more or less distinct wide, submedian, 
streaks the length of each tergite; and the pale, median, stripe is praetically 
continuous. Stemites as in the former species, but posterior margins usually 
obsouioly darker. GiUs longer, relatively more idender, intermediate pairs more 
symmetrical, the tips less distinctly rounded (fig. 24). Gill on 7th segment 
almost as long and as wide as that on the 6th (in 5. gareianus, this giH is 
shorter and distinctly narrower than the one preceding), so that its tip may 
extend beyond the apical margin of the 10th segment. Each intermediate gill 
is approximately as long as any three of the middle segments of the abdomen 
taken together. Tails yellowish blown, may bo slightly darker at base; in 
distal half, ea<h joint of lateral tails is darker brown apieally, giving the ap- 
pearance of an obscure dailcer band near the base, as in narciamis. Middle 
slightly more than one half as long as the laterals. 

Body 3-4 mm.; tails 3-3% mm. 

Nymplih of this spfoies were token at the following localities 
during 10J)5 (J. (J. Needham, J. Garcia-Diaz) : Utuado Eoad (31ch. 
18) ; Luquillo ills. (May 26) ; (^ano Tiburones (Mch. 12) ; ragiii- 
tas Eiver (IMeh. 4) ; and Qnebrada Toiney (Peb. 21), 


Baeti^ sp. No. 2 

Larger than either oE the pix^eeding species. One dark apical 
band on tail. 

Body (female) 6-7 mm. Ilead and thorax pale reddish brown; pale, me- 
dian, line from frontal suture to posterior margin of metanotum. Pale sub- 
median areas on mesonotum. Darker shading anterior to wing roots. Maxillary 
palp as in B, gareianus; labial palp more like that of Bactis sp. No. t. Legs 
yellowi-h. Very faint pro-apical bamis on femora; femoro-tibial joint dark 
brown; claw and tarsal joinings brownish. Tergites 1 and 9 wholly pale yel- 
lowish; tergite 4 pale except for brown, anterior, margin and two small, dark, 
submedian, dots; tergite 10 pale in anterior half, brown posteriorly; tergite 8 
laz'gely pale, but with four dark, submedian, marks, one pair on anterior mar- 
gin, other pair (closer together) near center of tergite. Tergites 2 and 7 dark 
brown except for pale line near lateral margin; tergites 3, 5, and 6 largely 
brown, but with pale, transverse, areas, on 5 and 6 a bar near anterior margin, 
on 3 a more extensive area nearer center. Stemites yellowish white, uximarked. 
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GUIs pale greyish ^\hite; tracheae aad margins of gills blackish. Tracheae pin- 
nate, intermediate in number of branches between B. gardanus and Baetis sp^ 
No. 1. Gills slightly asymmetrical, resembling those of JB. gardams in shape 
and relative length. Tails yellowi^, with single, dark, apical, band. 

Three lapeeimens were taken in the Luquillo Mts., El Yunque 
Trail, July 27, 1935 (J. Garcia-Diaz). 

Disciiifsion of the gc7Uis Psexidocloeon Elapaiek md allied forms 

Three species of Baetine imagos, which by the absence of the 
hind wins: and the paired marginal, intercalaries of the fore wing 
(these often single, in the females) would fall into the genus Pseudo- 
cloetai, are present in the Puerto Rican material. Three specimens 
representing two species were reared from nymphs. The nymphs 
po'-bess three tails, almost equal in length and thickness; labial palp 
apparently two-jointed in one species, ending distally in a pointed 
projection, in the other species three jointed, distal joint rounded 
apically; claws without pectinations. The imago of one species 
corresponds well with characterizations of the type of Pseudocloeon 
as to relative lengths of leg joints; in the other species, however, 
the basal joint of the tarsus is verj^' long. Thus these two species 
differ considerably from one another in characters of both imaginal 
and nymphal stages. 

The genus Pseudocloeon Klapalek was described (12) from mate- 
rial collected in Java. The type species is P. kraepelini Klap., of 
which the female imago and the nymph are unknown. Figures of 
the L*gs and genitalia of the male of this species are presented by 
Dr. Ihncr (,23), along with descriptions and figures of two other 
species of tlie same genus. Imagos which correspond to the generic 
characterization of Pseudocloeon occur commonly in the Nearclic 
fauna, and several species ot these have been reared from nymphs 
by Drs. xUcDunnough (14) and Ide (10). These nymphs have but 
two tails ; both labial and maxillary palps are tw'o-jointed ; gills single 
on all segment's; claws pectinate. The two-jointed condition of the 
labial palp is somewhat deceptive, however, as there are some speci- 
mens from North Carolina 3(19) in which the fusion of the two 
distal joints into one is incomplete the palp thus appearing to be 
three- jointed. In the Cornell University collection, there are several 
specimens of Baetine nymphs taken in the Philippine Islands which 
are two-tailed; maxillary palp two-jointed; labial palp more or less 
distinctly three-joinled, claws pectinate; ^s single. These accord 
well with the reared Nearctm nymiphs heretofore assigned to Pseudo- 
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cloeou. Thus, although the type species of the genus has not been 
reared, nymphs which correspond to reared Nearctie nymphs are 
known to occur in the same faunal region as the type locality ; imagos 
of these Nearetic nymphs agi-ee well with the characterization of the 
genus Pseudocloeon. Until the type species has been reared, I pro- 
pose to consider the nymphs described from the Nearetic region as 
representatives of the true Pseudocloeon. 

South American nymphs described by Needham and ]\Iurphy flB) 
as presuinalily of the genus Pseudocloeon, prove on further examina- 
tion to possess hind wing buds ; these may be allies of Centroptilum. 
The nynnph of a species described In Pseudocloeon has been recorded 
from South Africa by Barnard (2). This nymph has single gills, 
present on segments 2-7 only; both maxillarj^ and labial palps are 
three-jointed ; tails three in number, the middle tail somewhat shorter 
than tlie laterals. These nymphal characters, together with a ten- 
dency ill the female imago for the marginal intercalaries to occur 
singly, (as in the Puerto Rican specimens), leads me to believe that 
the South African species is not a true Pseudocloeon, but an unnamed 
genus of the Pseudocloeon gi'oup. Another allied genus of this group 
is Baetiella ITeno (21). The nymph of the type species, B, japonica 
Iman., described in Acentrella 4(11), was previously described and 
figured by Lleno 5(20) as Acentrella sp. It differs from described 
Nearetic species of Pseudocloeon only in the possession of a long, 
slender, filament or hair near the tip of the claw. The imago seems 
to accord well with the characterization given for Pseudocloeon. 
Other characters mentioned as separating this genus from allied 
genera do not seem to be distinctive of Baetiella. Is Baetiella worthy 
of generic rank? 

Htruetural differences lietween nymphs from the several localities 
meuiioned, are siinuuarized in the following tabulation. Gills single; 
on 1-7, unless indicated. 


Locality repicbenled 

Claws 



Talk 

Philippine ^ 

Pectinate 

2 jts. 

3 jts. 

2 

Nearc ic . ... 

Pecli ate 

2 jts. 

2 (3) jts. 

2 

South African ®. . . 

? 

2 its. 

3 jts. 

3 

Puerto Kican * . . . 

Not pectinate ® . . . 

2 jts. 

2 (3j its 

3 

Japanese ^ 

Pectinate 

2 jts. 

3 its. 

2 


1— Nymphs in Gorudl ITiuveisity collection; no published description. 

2— Middle tail slic;htly shorter than laterals; gills present on s^ments 2-7 only. 

3— Middle tail slightly shorter than laterals, in two species; mnch shorter, In third species. 

4— Genus Baetiella. Long, slender filament near tip of claw. 

Pectinate, in the aberrant species with very short middle tail; this probably does not belong in the 
same group with the other two species f^om Puerto Rico. 
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Tlie nymplis of two of the Puerto Rican species are seen to diifer 
from all the others in the absence of pectinations on the claws. These 
nymphs possess three tails, the middle one of these being slightly 
shorter than the laterals. In still another Puerto Rican species, 
rtpi’eseuted by njuniihs only, the claws are pectinate, the middle tail 
much sliorrer than the laterals, as iii typical Baetis; this latter 
species is probably not consreneric wih the other two. bat is here 
treated tentatively under the ^ame generic name. Since Ihe Puerto 
Rican vpec’eN differ so markedly from the Xearetic, Palearctic and 
(h’ltiUai species known, in the nympLal characters of tails and claws, 
it seems b^^sl to place them in a new geniis, designated as Cioeodes 
ijni, This genus evidently does not include the South African 

^Le,.des \diieli belongs in still a different category. 


^T*uius Cioeodes gen. nov. 

Turhuiate e\e& of male extiaordinaiily laige, set on rather high stalks (fig. 
20 . U'tcs of female larger, and set higher and closei together, than in Nearctic 
repios.ntatives of Pseudoeloeon. Posterior margin of head of female distinctly 
eniaiginiite. Fore leg of male only slightly shortei than body. Basal joint of 
foie tarsus of male very short; second joint longest, about equal to third and 
fourth (omblned. In decreasing length, tarsal joints rank: 2, 3, 4, 5, 1. Tarsus 
almost us long as tibia, which is almost twice the length of the femur. On 
middle and hind legs of both sexes, ba''al joint of tarsus very long, exceeding 
in lenjth the three succeeding joints combined; this joint fully half as long 
as tibia tn middle leg, moie than half the length of the hind tibia (figs. 45, 
liA. . Tlbiotiiisal joining indistinct. Hind wings absent. Marginal inter- 
lalaric of f.'re wing occur in pairs, which in male are well developed; in 
fenifpe, one member of a pair often indistinct or wholly wanting, so that some 
marginal siaccs have but one intcicalary. Cross veins arranged in three irreg- 
ular series aenss iving: 6 in apical series about 12 in middle series. Posterior 
margin of pronotum almost straight. Apical margin of steruitc 9 in female 
> 0 ^ piodnoed backward to form a subanal plate. Genitalia of male as in figure 
13. A dome-bhaped or sAghtly truncate penis cover” is present between the 
bases of the forceps. 

Cxenotype — Cioeodes maculipes sp. nov. 

The genus is characterized from the type species. Other species placed in 
this new genus {vortorictm^is, eonstgnatus and ap.) do not agree with the type 
as to the unusual length of the basal tarsal joint on the middle and hind legs, 
but conform rather to the lype of Pseudoeloeon in this respect. The nymphs 
of consignatus and C. sp. are unknown; nymphs of C. portoricensis are very 
similar to those of 0. maculipes. Bo eonsignaius and 0. sp. r^resent still 
another genus? And what of portoricensis? 
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Key to Puerto Bican Species op Oloeoobs 

IKAGOS 

1. Narrow longitudinal lines on femora and tibiae, dark spots at apices 

of foro femur and tibiae j wing 5% mm. in length macuUpes 

Legs without distinct markings; smaller species, wing mm. in 

length iB 

2. Wing (female) 4% mm. in length; no marginal intercalaries in first 

interspaces 

Wing 3-3% mm. in length; marginal intercalaries in first two inter- 
spaces variable S 

3. No marginal intercalaries in first three interspaces; abdominal ter- 

gite^ of female with prominent, lateral, purplish red, spots; male 

not known — consignatus 

Marginal intercalaries usually present, though short, in second inter- 
space; abdominal tergites of male and female largely pale, with no 
such purplish red, lateral, patches portoricensis 

NYMPHS 

1. All three tails approximately equal in length, not dark-banded; claws 

not pectinate $ 

Middle tail slightly more than one half as long as laterals ; tails marked 
uith tuo dark bands; claws pectinate sp. No, J 

2. Small species, body 3-4 mm. in length; labial palp 2- jointed, distal 

joint ai in figure 24 ^-^portoricensis 

Larger species, body 5 mm. in length; labial palp 3- jointed, distal 
joint conical, as in figure 19 maculipes. 

doeodes maculipes sp. nov. 

A creamy white species, with distinctive black markings on femora and 
tibiae. 

Male imago. — ^Body 5 mm.; wing 5% mm. 

Turbinate eyes very large, set on rather high stalks; upper surfaces al- 
most circular (fig, 20). jStalk deep orange, upper surface pale orange. Head 
creamy white; faint blackish shading on median line ventrad of lateral ocdlz. 
A broken, reddish, ring at base of antenna; basal antennal joint white; base 
of filament reddish black, remainder silvery white. Thorax opaque whitish, 
meso- and metathorax with faint pinkish tinge. Faint brownish markings on 
antero-lateral areas of mesonotum; scutellum alabaster white. A short, black, 
mark laterally, directly above base of wing; faint smoky pendlings on pleura, 
along courses of tradLeae. An olive-brown, transverse, band on mesostemmn, 
between middle legs, traces of a similar band on prosternum; ventrad of hind 
legs, on metastemum, a narrower, blackish, streak. 

Legs creamy white; femora and apical portion of tarsi Ringed with yel- 
lowish. A narrow, black, hair-line extends the length of each femur, on inner 
surface; a small, reddish, black basal spot on upper surface and a larger pre- 
apical one on inner surface; ou. fore femur, a small red-brown spot at apex- 
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A narrow; red-brown; line extends the length of the fore tibia; at the ai)ex 
is a small black spot. Two longitudinal; black; dashes on middle and hind 
tibiae, one near base; one at center (fig. 45). Tibio-tarsal joining black. 
Wings hyaline; venation light brown; paler in the wing disc. Subcosta and 
radius dark brown at extreme base. Paired marginal intcrcalarics distinct. 
Cross veins arranged in three irregular series across wing; none noar margin. 
Stigmatic cross veins 3 or 4 in number; simple, somewhat aslant; while next 
to subcosta, so that they appear incomplete. 

Abdomen creamy white. Segments 2-6; also stemites 1 and 7; semi-traus- 
lucent; tergite 1, and segments 8-10; largely opaquo. A narrow, dark, red- 
brown, line marks the posterior margin of each tergito. Posterior margins of 
stemites opaque, but not darkened. A black line follows the tracheal trunk 
above pleural fold on each side; sliorl, lateral, branches extend in both direc- 
tions from this line. Tails silvery white; in proximal half, joinings narrowly 
purple-brown, alternately wide and narrow at extreme base. Genitalia as in 
figure 13. It should be noted that the genitalia of the paratype seem to possosa 
a backwardly-directed tnmeate process between the bases of tlio forceps; in 
the holotype this process is lower and somewhal dome-shaped. Genitalia of 
both specimens were treated in potash before mounting. 

Female imago — ^Body 5 mm.; wings 5% mm. 

Head and thorax light yellowish brown. A reddish black spot at apex of 
basal joint of antenna; apical margin of second joint similar in color; both 
of these joints yellowish. Antennal filament dusky brown, black at base. V- 
shaped maroon mark on veilex, above median ocellus. Two wide, 
submedian, stripes extend from lateral ocellus to posterior margin of head. 
Eyes blackish. Posterior margin of pronotum black; purplish red markings 
consist of: aatero-median triangle; small submedian dots; lateral markings, 
about four on each side. A wide purplish red streak on proihorax behind fore 
leg; this extends forward on to the coxa; a transverse band between logs, 
on sternum. On mesothorax, a broken band of purplish red extends forward 
from wing roots, to anterior margin of mesonotum; bdow this, at anterior 
margin, a shorter band of same color; from wing roots to base of middle log, 
a longer band. Reddish markings also, around leg bases; laterally on niososter- 
num; a transverse band across sternum, between middle legs. Ruddy shading 
on each side of scutellum. Tip of scutellum yellowish. Hpino-like process of 
metanotum purplish red, likewise streaks oxtonding laterad from it. Purplish 
markings around leg base; a transverse band on sternum, between hind logs. 

Legs yellowibli. Each feninr marked with a ]>asjil cross-bnnd of jnirplish 
red on upper suifaco, and a pro-apical band of same color on lowoi surface. 
Tibiae marked as in male. Tarsi pale brownisli in apical half; joinings nar- 
rowly darker. Costal margin of wing, to humoral cross vein, and bases of sub- 
costa and radius, deep purplish lod. All veins, and outoi margin of wing, 
brownish; cross veins heavier than longitudinals; 4 or 6 stigmatic cross veins, 
slightly aslant. Marginal intercalaries as indicated in account of genus. 

Abdominal segments 2-7 somi-hyaline, yoUowish with oxtensivo purplish red 
markings; segments 8-10 opaque, heavily shaded with reddish. Posterior mar- 
gins of all tergites with a wide purplish band; this band reduced to a narrow 
line on tergites 3 and 4. Tergito 2 largely purplish; a amall, pale, spot at 
median area of posterior margin; lateial imlo area next to pleural fold. Me- 
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dinii Jiroas of toi’ffitcH 3 and 4 almobt wholly palo. On tergitcs a-7, a wide, 
oblique, lateral, Htrii) 0 , deej) imrpliHli led in eolor, extends the length of the 
segment (on I, this may bo indialinel in posterior half). P.nle areas laterally, 
on all torgites, next to ]>leural Cold; a blaekish lino follows course of tracheae 
tho length of the abdomen. Sternito 1) yellowish; wternitoa (?-8 overlaid with 
red slnuliug. ISteinites 1-5 palo yellowish; wedgo-'-hapod, ])uii)lish, markings an 
postoro-latoral areas of steiiiitc 1 and 2; traces of same, on sternite 3. Tails 
missing, except a few basal joints. The two basal joints shaded with puridish 
red, next tuo yellowish; wide black band at caeh joining. 

Nymph (described from slongh of t>pc specimen, with additional aiotes 
from nearly-matured nymphs). 

Head brown, witli pale markings. Antennae whitish, at least basally. Pale 
markings on median and Integral areas of frons: a pale band between eyes and 
bases of antennae; nuslian lino of vertex pale. Maxillary palp 2-jointod, ap- 
parently wilhoni halis or spines (lig. 2lh. Tjabial j)alj) 3-jointod; distal joint 
eotiicnl at ai»ex (fig. 271. Thoiacic mdiim Kmolv^ Inown; jialc markings on 
iiK'sonotnm anterior to wing roots, the median line pale. Pleura and sternnm 
2 »al(‘; the foimt‘r with pi(»minent <laik brown semi-lunar maikings above base 
of each leg. C\>xa and trochanter pale, often a brown band aeross eoxa. Pomur 
brownish, with wid(‘, pale, longitudinal, streaks at base and apex. Tibia and 
tarsus pale «>molvy; in e(*itaht llglifs, a dark, modian, band Is scon on tibia. 
All joinings narrowly <larker brown. (Jlaws without i)oetinations. Abdominal 
tergite « largely ytdiowlsh; tergites 1 and 7, and basal half of 0, yellowish 
with brown markings. Other tergites smoky brown; fi, fi, and apical half of 
0 often dark(*r than basal ones. A pair of minute, palo, dots at modian line, 
near ceiiloi of segment, ou teigites 1 to 3. iStomitos jialor than tergites, usually 
yellowish, more or less distinetly brown-tinged. Brownish shading near pleural 
fold; posterior margins often narrowly brown. Gills present on segmouts 1-7; 
simjde, obovaio (tig, 42). Trncheation pinnate; blackish, very distinct. Tails 
three, tho middle one only slightly shorter than tho laterals; yellowish brown 
without darker Tnarkhigs, Tufts of %ery short Imiis on each •‘egmont (on both 
sides of middle tail, on inner side only of laterals) ap])oar like stubby bristles. 

bongth; body 5 mm.; tails 2 mm. 

llolol,\pe Male iinapo n‘uml from jiyinph; !iU(|nillo Mts., P. 11-, 
-lune 1‘1, IDJlf) (J. (lurefa Dmy.l. No 11015.1 in roniell irnivorsity 
eoIloHion. 

Allolype- -bVrnale inniuo, Trout’s pool, K1 Ynnque Trail, Tjuquillo 
M(s., I\ 1{. Juno 13, 1035 (J (}ar<Ja-I)iaj5). No. 1402.3 in (Jornrtl 
lTnivor,si1y eoHecliou. 

Para1y])(* 1\Iale imago, reare<l; same data. No. 1402.3 iu Cornell 
eolleetion. 

Nt'orly-mature nymphs of this species were taken during 1935 
(J. Carela-Diaz) in the Sabana River and the llieaco River, Rio 
Blanco (Mch. 7) ; in La Coca Creek, tho Luquillo Mts. (May 26) ; 
and at Onajataea Creek (Mch, 22). 
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Oloeodes portoriceaisis sp. nov. 

Thorax and tip of abdomen dark red-brown; middle abdominal segments 
hyaline, white. 

Male imago. — ^Body 3—3^^ mm.; wing 3% mm. 

Head red-brown; antennae faintly tinged with reddish. Turbinate eyes 
very large, prominent; upper surface oval; orange-brown in color, outer rim 
of upper surface dark brown. Thorax dark red-brown. Mesonotal scutellum and 
a small spot on each side of it, alabaster white; a similar white patch on 
scutellum of metanotum. Light tan markings on pleura, near sutures. Legs 
whoUv pale, whitish. Wings hyaline; cross veins practically invisible. Costa, 
subeosta and radius reddish brown at extreme base; a small brown spot at 
base of vsing. Stigmatie cross veins 4 to 6 in number, simple, somewhat as- 
lant, often incomplete except fit the costal margin. Granulations in stigmatie 
aiea, txtendiug over apical j>ortions of costal and subcostal spaces, give ap- 
pearance of a milky cloud. No intercalaries in first interspace; 1 or 2 may 
be pie‘*cnt in second mterspace, veiw weakly developed; in remaining spaces, 
nell develoi»ed bnt rather short. 

Abdominal segments 2-6 hyaline, white; joinings opaque. A double, black- 
ish, \\a\y, line extends along the spirneular area of tergites; a tiny, dark, dot 
on each line, at spiiacle. Tergites 7-10 dark red-bromi, but «onjewhat brighter 
and i»aler than thiirax. Sternites 7-9 creamy white, faintly tinged with brown- 
ish, cs}»e<*ially near pleural fold. Tails silvery white. Genitalia as in figure 6. 

Ilolnty po—]\Id]e iinaso; Lares, P. R., March 23, 1935 (J. G. 
Xeedham, J Gareia-DiazL No. 1401.1 in rornell Fniversily col- 
led on. 

Pnratype — 21 male imagos, same data. No. 1401.3-20 in Cornell 
colltelio.i. 

Seven female iinag(>s, taken in the Lmjnillo Mts. on Peb. 18, 1935, 
hv ihe same (‘ollectors, may be of this '-pecies. Body flesh-colored, 
head a^ul me'-onouim paler than abdomen and x’emainder of thorax, 
*^l)domma’ tergites r<ise-linged; posterior margriiis of segments pur- 
pUNh r<»se on each side of pleural fold, not cbewliere. Longitudinal 
veins fa'ntly ])ro\vnish. Othewise similar to males. 

S'xibmaeo males were taken at Lares, the Guajataca River, on 
]\raH*h 22, 1035 fj. G. Xeedham, J. Garcia-Diaz). The following 
dny. one male and several female xubimagos were captured at Ad- 
juntas, M, Garcia-Diaz). 

One male imago was reared, thus making it possible to correlate 
the imagos with certain strikingly-colored nymphs which had been 
taken at several stations. 

X^pMead yenow; faint browr sbading on vertex and occiput on each 
1 of pale median line, also above antennae and median ocellus. Antennae 
pa e, faintly darker at joinings. MaxiUary palp two-jointed (fig. 30 ) ; labial 
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palp two-jointed, the distal joint expanded into a lobe on the inner margin 
and terminating in a sharp point (fig. 28). Thoracic notum yelloimh broivn 
with darker markings in female, darker brown with pale markings in mature 
male. A well-marked male show a pale thoracic median line; yellow submedian 
blotches on posterior margin of pronotum; a trident-shaped pale marking at 
middle of mesonotum, the points directed for'ward; a pale band across the 
scutellum; large, diffuse, yellow, markings between the wing pads, and a few 
small sx)ots anterior to wing roots. In some specimens, the arms of the pale 
trident become much widened, so that a large area on each side of center of 
mesonotum is yellow. Pleura and sternum yellowish. Prominent dark brown 
semi-limar markings above bases of legs, and a small, dark, median, spot on 
anterior portion of mesosternum. Dark, median, and lateral, patches on meta- 
notum. Legs yellow. A small, dark brown, ‘‘knee spot” and similar dark 
spot at tip of tarsus; other joinings narrowly darker. Claws not pectinate. 

Abdominal tergites 1, 4, 8 and 10 almost wholly yellowish; torgite 5 yel- 
lowish in median area, brown laterally; remaining tergites largely brown, ex- 
cept for round, yellow, median, spot on 2, 3 and 6. Crescentic brown mark on 
anterior portion of tergile 4; similar but wider mark on 10. Posterior mar- 
gins of all tergites narrowly dark brown; a small, dark, mark at base of each 
gill. Stemites pale yellowish; posterior margins of apical segments very nar- 
rowly brown. Gills single, obovate, broadly rounded at free end; traeheation 
pinnate (fig. 43). Tracheae greyish purple, rather indistinct; main trunk often 
forked near tip, lateral branches few and weak. Tails three, approximately 
equal in length and thickness. Whitish, with an amber tinge which becomes 
deeper toward apex. Joinings opaque, faintly amber. 

Length; body 3-4 mm.; tails mm. 

Specimens of this species weie collected during 1935 ( J. G. Need- 
liani, J. Garcia-Diaz) at the following places: Lares, Guajataca 
Creek, Mcli. 22; Quebrada Tomey, Feb. 21; Eio Cidra, Adjnntas, 
ilcli. 24; rtuado Road, Mcli. 13; and Hicaco River, Meh. 7. 


Gloeodes consignatus sp. nov. 

Female imago. — ^Body 3% mm.; wing 3 mm. 

Hoad largely suffused with purplish red. Thorax creamy yellow. Lateral 
and anterior areas of pronotum with extensive purplish red-markings; pleura 
largely purpUsh red. Scutella of meso- and metanota, and all elevations of 
notum, alabaster white. Sternum yellowish with alabaster white markings lat- 
erally. Fore and middle legs missiiig. Hind legs very pale yellow, unmarked. 
Wings hyaline; longitudinal veins very pale amber; a small, purplish red, 
spot on humeral cross vein, and brown shading at extreme base of costa, sub- 
costa, and radius. No marginal intercalaries in first three interspaces; none 
in any space beyond media, usually a single intercalary only in spaces between 
branches of media; elsewhere intercalaries are normal, paired. Stigmatic cross 
veins 4 to 5 in number, strongly aslant, usually incomplete toward costa. Ab- 
domen white; segments 1-7 hyaline, 8-10 semi-opaque with distinct yellow 
tinge. A faint, blackish, double, line extends the length of the spiracular area. 
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Abo\e this, on each tergite. a pTominent rhomboidal purplish red ^ot; below 
it, on each stemite, a curved, purplish red mark. Tails missing. 

Holotype — Female imago; Tuiiez Eirer, P. E., June 21, 1935 
(J. Gai-efe Diazj. No. 1403.1 in Cornell University coUection. 


Cloeodes sp. 

Female imago. — ^Body shiniiken^ "wiiig 4% mm. 

Head jelloT^isIij posterior margm blaeMsli. Antennae yellow; joinings of 
basal segments reddisrh. Thorax yellowish, shaded rather heavily with reddi^ 
on pronotum and plenra. Legs yeUowmh white, unmarked. \Vings hyaline, vena- 
tion very pale brown. Humeral cross vein, extreme basal portions of costa, 
subcosta and radius, and small area at base of middle veins, reddi^ brown, 
Stigmatie cross veins 3 or 4 in number, aslant. No marginal intercalaries in 
first two interspaces; behind media these intercalaries single or absent. Ab* 
domen heavily shaded with reddish, except middle of venter and dorsum, which 
are yellowish, hyaline; posterior margins of tergites, and of stemites near 
pleural fold, reddish black. Two black lines extend the length of the pleural 
fold. Tails missing. 

Taken in Luquillo Mts., P. R., Feb. 18, 1935 (J. G. Needham, 
J. Gdrcia-Diaz^, It is quite possible that this is the female of C, 
porfoncc }w\ rather than the paler specimens taken on the same date, 
whir-h are briefly described under that species. 


?? Cloeodes sp. No. 1 

Nymphs which superficially resemble those of Baetis gardanus, but with 
hind wing buds wholly lacking, and distal joint of labial palp lobed, as in 
figure 16. Probably do not belong in this genns. 

Nymph. — Head pale reddish brown; median line of vertex and occiput, and 
ejacranial suture, faintly pale; a dark brown spot on each of first two basal 
joints of antenna. Maxillary palp two- jointed (fig. 31); labial palp likewise 
two-jointed, distal joint mitten-shaped, as m figure 26. Thoracic notum light 
reddish brown, median line paler; indistinet, paler, markings laterally on pro- 
noium, and on mesonotum anterior to wing roots. Pleura and sternum paler 
than notum; dark areas on pleura above leg bases. Legs yeUowish. Femora 
faintly tinged with smoky, and with a brown spot at apex; claws pectinate. 
Abdominal tergites quite uniformly light red-brown, somewhat paler next to 
pleural fold; in some specimens, tergites 9 and 10 are dightly paler. Later- 
segmental areas yellowish. Posterior margins dark brown; postero-lateral an- 
gles shaded with smoky brown, and with a dark dash at base of each gilL 
Indistinct, paler, markings are viable on some specimens, as follows; anterior 
portion of median line; spot on anterior margin halfway between median line 
and pleural fold; round, snbmedian, i^ot on each side, at about center of 
tergite. Two short, dark, transverse, dashes on anterior margin, one on each 
side of median line. Stemites somewhat paler than tergites; on each, a narrow, 
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dark, transverse, line on anterior margin, in median area only. A distinet, daik^ 
^ot at each eplraele, and a dark line leading forward from this to anterica 
margin, aro faintly seen from dorsal view, but are mneh more evident on ventral 
surface. Gills single, obovate, intermediate ones a^mmetrical as in Baetis gar- 
cianw, but digbtly longer and less rounded at apex. Traeheatian pinnate, very 
indistinct; only tbe basal portion of main trunk is dearly evident. Tidls three; 
yellowish, crossed by two prominent black bands, the distal of these being tbe 
wider. Middle tail slightly more than half as long as the latonls. 

Length; body A-S mm.; tails 3 mm. 

Specimens of this species were taken dnrii^ 1935 ( J. Q. Needham, 
J. Garcia-Diaz) at XJtuado Hoad (Mch. 13) ; Rio Blanco (Mch. 6) ; 
La Joha Creek at Blanco (Mch. 8) ; Cagiiitas Biver (Mch. 4) ; 
Carreres River (Mch. 9) ; small creek near Jaynya Road (Mch. 24) ; 
and the Liiqnillo Mts. (Feb. 18, May 26). 

Cornell University, Nov. 30, 1936. 
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BXPL.VNATION OF PlaTES 

Plate I 

Pig. 1. — NcoliaqcTiiilxi^ jiiho. Male imago; wings. 

Fig. 2. — Borinquena cannencita. Female imago ; tip of abdomen, 
showing long ovipositor. 

Fig. 3. — Neohagemtlus jnlio. Male imago; genitalia. 

Pig. 4. — Boriv^uena carmencita. Male imago; wings. 

Pig. 0 . — Baeih garciamis, Male imago; genitalia. 

Fig. 6. — Cloeodes portoricensis. Male imago; genitalia. 

Pig. 7 . — Neohagemtlus tinctus. Female imago; tip of abdomen, 
ventral aspect, showing egg valve and siibanal plate. 

Pig. 8. — Borinquena carmenciia. Male imago; forceps base and 
portion of basal joint of forceps. 

Pig. 9. — Baetis garciamis. Male imago; hind wing. 

Pig. 10. — Borinquena carmencita. Male imago; hind wing. 
Pig. 11. — XcoJiagenulus julio, Male imago; hind wing. 

Pig. 12. — Borinquena cannencita. Male imago; genitalia. 

Pig. 13. — Cloeodes maculipes. Male imago; genitalia. 

Plate II 

Pig. 14 . — Neohagemihis julio. Nymph; tibia of third leg. 

Pig. 15. — Neoliagenulus lutcolus. Nymph; tibia of third leg. 
Pig. 16. — Neoliagenulus julio. Nymph; femur of fore leg. 
Pig. 17. — Neoliagenulus liiteohis. Nymph; femur of fore leg. 
Pig. 18. — Neohagemtlus luteolus. Nymph ;gill from third ab- 
dominal segment. 

Pig. 19. — Borinquena carmencifa. N 3 mph; gill from third ab- 
dominal segment. 

Pig. 20. — Cloeodes maculipes. Male imago; lateral view of head. 
Pig. 21. — Neoliagenulus julio. Male imago; lateral view of head. 
Pig. 22. — Borinquena carmencifa. Male imago ; lateral view of 
head. 

Pig. 23. — Baetis garcianus. Nymph; gill from fourth abdominal 
segment. 

Pig. 24. — Baetis sp. No. 1. Nymph; gill from fourth abdominal 
segment. 

Pig. 25. — Baetis sp. No. 1. Nymph; labial palp. 

Pig. 26. — ? Cloeodes sp. No. 1. Nymph; labial palp. 

Pig. 27. — Cloeodes macuKpes. Nymph; labial palp. 

Pig. 28. — Cloeodes porioricensis. Nymph; labial palp. 
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Pig. 29.---Clo€od€s maculipes. Nymph; maxillary palp. 

Pig, 30. — Cloeodes podoricensis. Nymph; maxillary palp. 

Pig. 31.—? Cloeodes sp. No. 1.— Nymph; maxillary palp. 

Plate III 

Pig. d2.’—Bonnquena carmendta. Nymph; labium. 

Pig. 33. — Borinc 2 U€m contradicens. Nymph; detail of canines 
of mandible. 

Pig. 24:.—Borinqiiem contradicens. Female subimago; tip of 
abdomen, lateral view. Ovipositor somewhat flattened out. 

Pig. Z^.—Borinquena contradicens. Nymph; maxilla. 

Pig. 36. — Borhiqnena contradicens, Male imago; penes, enlarged. 

Pig. 37. — Borinquena carmencita, Male imago; tip of abdomen, 
lateral aspect, showing the very long forceps. One tail omitted. 

Pig ZZ.—Borinqnena contradiceifis. Nymph; hypopharynx. 

Pig Z9.'—Borinqi{em contradice^is. Nymph; gill from third ab- 
dominal segment. 

Pig. 4:0.—Borinqu€m contradicens. Nymph; labrum. 

Pig. 41, — Borinqxiena contradicens, Male imago; genitalia. 

Pig. 42 — Cloeodes maculipes. Nymph; gills of second and third 
abdominal segments; showing abdominal segments three, four, and 
five. 

Pig. 43. — Cloeodes portoriccnsis. Nymph; gills of second, third, 
and fourth abdominal segments; showing abdominal segments three 
to seven. 

Pig. 44. — Neokaqcnuhis juIio. Male imago; penes, enlarged, one 
side distorted, showing what appears to be long, slender, spine on 
inner margin. 

Pig io,— Cloeodes maculipes Male imago; third leg. A; same, 
enlarged. 

Pig. 46, — eoJiaycnulus luteoVus. Nymph; claw of fore leg. 

Pig. 4:7.—N€oJiag€m(his luieoliis. Female imago; hind wing. 

Pig. 48. — Neohagenulus luteolm. Nymph; labium. 

Pig. 49. — collage nulus luteolus. Nymph; mandible. 

Pig. 50. — Borinqxiena contradicens, Male imago; hind wing. 
B; same species, female suhimago, showing tip of wing folded over. 









AN ECOLOGICAL SURVEY OF THE FRESH WATER 
INSECTS OF PUERTO RICO - 

1. THE ODONATA: WITH NEW LIPE-HISTOBIES 

Julio GARcfA-DfAz, 

University of Puerto Bico. 

Yery little intensive work has been done in the fresh water fauna 
of the Island. The Fish Commission Expedition to Puerto Rieo in 
1900 said: . An examination of the literature pertaining to 

the Natural History of the West Indies showed that comparatively 
little was known concerning the fishes, and scarcely anything of the 
other aquatic animals or of its aquatic flora.” Although the condi- 
tions at present are not so critical in the entomological field because 
of the work of Howard, Dyar and Knab (1912), Dyar (1928), Cur- 
ran (1928) (1931), Leng and Mutehler (1914) (1917), Barber (1923) 
and Needham and Pisher (1936), vho included in their publications 
the aquatic insects belonging to the groups discussed; as well as 
the articles published by other authors like Tower (1912) (1921), 
Hoffman (1925), Root (1929), Earle (1930), Wells (1930), Bradt 
(1932) and others, the aquatic insects of the Island are far from 
well known. Two other workers, Klots (1932) and Alexander (1933) 
have contributed greatly to the knowledge of the insect aquatic fauna. 
Alexander states in his paper that the reduced number of species 
must be due to lack of collecting rather than to the scarcity of 
species. Ilis contention has been corroborated by the material he 
most kindly determined and shown in appendix A. A glance through 
this, which shows the determinations made up to the present time 
by the specialists to whom material has been submitted, supports also 
the statement made before. 

In spite of the small size of the Island its fresh waters harbor 
species of all the phyla which in similar environments occur over the 
world. Protozoans, eoelenterales, platyhelminthes, nemathelminthes, 
annelids, molluscs, arthropods and vertebrates, all of them, in their 
adult or developmental stages have representatives in the different 
fresh water habitats of the Iidand. Among the aquatic insects there 
are members of all orders having them, with the only possible excep- 
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tion of the Pleeoptera. Very striking is the apparent absence of these, 
which niii&t be attributed to their impossibilty, beng poor flyers, to 
reach the Island. This seems to be the only factor because places 
where they could live are plenty all over. 

The habitats for all these species vary greatly, from the rapid, 
turbulent flow of the rivers in the higher levels of the Island, through 
the slow moving courses of the same along the coastal plains to the 
few small standing lakes, lagoons, pools and marshes. 

Puerto Rico has been called the land of the rivers, possibly 
rightly so, if one considers that on its 3,500 square miles there are 
about 1,500 streams although not all of them are really rivers. The 
majority are tributaries to about 80 or 100 larger ones. The high 
altitude of the mountains, attaining heights of over 4,000 feet, when 
taken in consideration to the width of the Island which is only about 
35 miles, make these rivers exceedingly rapid when cutting their 
way through the gorges of the central mountains range. The placing 
of the chain of mountains (Fig. 2), which has been secondarily 
determined by erosion as shown by Meyerhoff (1933), about two 
thirds away from the northern coast, has a decisive influence upon 
the nature of the rivei*s. Rainfall, due to ihe placing of the moun- 
tains in relation to the prevailing winds during the year, is most 
common on the north side where it may attain a maximum of 140 
inches on Mt. El Yunque. Corresponding areas on the southern 
slope may get only 100 inches and sometimes go through periods 
of drouth. Thus the rivers which flow into the north and west have 
longer courses and are less rapid than those on the southern and 
eastern side. The longest river of the first group may attain a 
length of 40 miles while the corresponding one of the southern side 
would he less than half that length. The northern rivers usually 
have a permanent flow of water while those on the opposite side 
may dry up completely during sometime in the year. The beds of 
these rivers vary greatly. There are some rocky ones with prac- 
tiallv no loose stones in them high up in the mountains ; others are 
gravelly with small and medium sized boulders along their middle 
courses and lastly that portion close to their mouths where sand3r 
and silty bottoms az*e found. The beds of those on the southern 
slopes, although similar to the ones last mentioned, are more rocky' 
and the boulders are more common in them. 

To the mechanical and climatological factors determining the 
nature of the rivers has to be added the influence brought about by 
the altering of natural conditions through human activity. The Is- 
land being lieavily populated has been completely deprived of most 
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of its natural forests. So a few hours of rainfall may cause the 
rivei’s to swell and small streams of water soon become imposing 
torrents. But with the same rapidness with which they swell do 
they return to their normal volumes. This rapid run-off washes into 
the rivers considerable amounts of silt and mud. Because of this, 
although at the higher levels the water soon becomes clear and trans- 
parent, in the lower places it may remain muddy for days of even 
weeks, depending on the duration of the rain. This mud has settled 
and tilled the bottoms of some rivers which are no longer navigable 
to small boats as they used to be. This sudden variation in volume 
of the rivers is nicely shown in their beds which usually are dual 
in naiur(*. The one w^here the river normally and continually runs 
and a 'wider one marked by the effects of the rushing waters during 
th<‘ floods. Sometimes during this period water is left along the 
(‘figes of the rivers in the lower lands and holes close to them, and 
pools and marshes, some tcmporaiy others permanent, are fomed. 
Upon reaching the sea the tide tends to keep them back and part 
of thcir course, for some distance up, is rendered more or less brackish. 

The plant life occuring in the rivers and along their edges and 
seiwing as food for the vegetable feeders varies at different levels. 
High up in the mountains are found very few plants: only the 
algae, desmids and diatoms wliich are capable of clinging to the 
rocks in the swift running 'waters; in the slower running ones on 
wet stones and along the edges, are found the mosses and liver- 
worts together with some ferns and higher aquatic plants. Lower 
down in the less rapid waters the most common and easily seen 
aquatic plant is Potamogetoii liesidcs the algae and lower forms, and 
along the edges are most commonly found ‘‘Malojillo’', PaJiiciim sp., 
Polygonum sp., and sedges and rushes; close to their mouths, where 
tliere is a very sluggish flow, the “flor de agua'' Gastalia ampla Salisb. 
makes its way farthesl toward the center of the river, while farther 
back along the edges and marshy places the cat-tails Typha mgmii- 
folia L. and taller sedges like Marisc'us jamaieensis (Grants) Britton 
and other smaller ones are seen together with other aquatic and 
semi-aquatic plants. 

There are no true lakes on the Island. The only one which ap- 
proaches this type of body of water is the one near Manati called 
Tortuguero Lake. It occupies an area of 4 by 1% kilometers, has 
no permanent inflow of water and fills up only during the rainy 
season from the waters of the nearby small hills called “mogoles'". 
It is subject to great variations in its level, although it has never 
been known to dry up completely, I have seen its west end entirely 
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dry in August and walked along places where it would have been 
impossible to do it in March when Doctor Needham and I collected 
at the extreme west end. The shore line on its southern side had 
receded no less than 25 feet from the original one where collecting 
had been done during February and March. Notwithstanding its 
variations, aquatic insect life is always abundant along the shore. 
The lak^ has no natural connection with the sea and although very 
close to it, its waters are fresh. There is the possible exception 
of tho&e of its northern shore where collecting of insects forms was 
remarkably poor compared with the southern shore. Possibly the 
wind and a certain degree of brackishness were responsible for this. 
There are two pipes leading from the lake to the sea by means of 
which it is drained when the water level gets too high. The aquatic 
j^lants which occur in it and along its diores and serve as food and 
shelter to aquatic insects have been discussed by Cook (1928). A 
sphagnum, 8. cuspidatim var. mmilatum Schlisph, kindly deter- 
mined by Dr. LeEoy Andrews, was found by Doctor Needham along 
the southern shore of the lake. 

The next larger body of water approaching a lake is Cartagena 
Lagoon. It is much smaller in size than Tortuguero and as indicated 
by Danforth (1926) subject to wide variations in its water level. 
Cook (1928) also mentions this fact and states that in 1926 in a 
period of about two months the shore line had gone back about ten 
meters. There are records of it having dried up completely. Like 
Tortuguero it has not permanent inlet of water, neither an outlet. 
In cases Tvhen heavy rainfaU fills it most completely Danforth (1926) 
says it overflows and the excess reaches the sea through the Boqueron 
river and its tribiitarie's. The plant life found here is similar to 
the one of Tortuguero Lake and has been also discussed by Danforth 
and Cook. A remarkable difference in a species of the open water 
was that of Nais sp. which Danforth states in one instance nearly 
choked the lagoon. When Doctor Needham and I were there Nais 
was not so common but its place was ocupied by Geratophylhim sp. 
’vdiich was very thick. Cartagena Lagoon like Tortuguero Lake, 
harbors a numerous fauna of aquatic insects as well as other fresh 
water forms. 

There are a few, other smaller lagoons along the northern coast. 
Also those like that of Gu&nica and two smaller ones near Cabo Eojo. 
Some collecting was done in them but they do not seem to compare 
in any way to the larger two. 

Swamps are most common along the northern shore. The largest 
one is Cano Tiburones between Arecibo and Barceloneta. Through 
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its natural outlet by way of Areeibo Eiver ; through the canal which 
has been opened at its east end and leads into the Manati Eiver, 
and through the many ditches and canals made trying to drain it as 
indicated by Cook (1926), a large area has been rendered salty. The 
watei’s are not fitted for all fresh aquatic insects and only the hardier 
ones seem to be found there. Very little or practically no collecting 
has been done here. 

A peculiar and highly specialized fresh water habitat on the 
Island is represented by the sink holes near Isabela. A dry region, 
generally speaking, these sink holes which retain the water of the 
few showers, offer the only place for aquatic animals. Some of them, 
in August, were nearly dry, others completely choked with the '‘flor 
de agua” and ‘'lechugnilla de agna’’ (Pistia atratiotes L.) while others 
had some water in them. All at the time mentioned, were very 
muddy and did not look very promising for collecting. Yet, they 
yielded heavily both in number of species and in individuals. Be- 
cause of the nature of the surrounding country the water of these 
sink holes has a high alkalinity and possibly this may have some 
effect upon their inhabitants. 

An additional habitat for the fresh water forms is the one offered 
by the irrigation systems developed in some parts of the Island. 
What is the nature of the forms living here I do not know since not 
much collecting has been done in them. I have collected mayflies, 
Baetiuae, in a small, temporary system near Fajardo. If in such 
a small one as this mayflies were collected, there is no doubt that 
the more permanent ones of Isabela and Juana Diaz would certainly 
yield much more. Their importance in upsetting natural conditions 
through the agency of fresh water forms living in them has been 
pointed out by Earle (1925) (1930) who warned of the dangers of 
the extension of malaria on the Island due to the breeding of mos- 
quitoes in the temporary pools formed in the irrigation ditches. 
Hoffman also believes they will be means for the distribution and 
spreading of Schistosomiasis as it may have happened already in 
Onayaiua and adjacent places, by offering breeding and living places 
for Planorbis sp., the snail w'lnch is the intermediate host of the 
latter disease. 

With such a variety of environment in which to live, fresh water 
forms and thereby aquatic insects must be numerous. How has it 
been possible to miss, up to this time, some of them, is more than 
an usual happening which can be accounted for only by the absence 
of an intensive collecting. Mayflies, although not so common on the 
lowlands, are certainly numerous along the creeks in the higher areas 
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and no citation, but with only one exception, is found in current 
literature about the group. This is in strong contrast with the find- 
ings of Dr. J. R. Traver as shown in Appendix A. 

The two hundred vials which contained the material collected by 
Dr. James G. Needham and myself during the months of February 
and ]\Iarch, together wuth those accumulated by me during periods 
of irregular collecting, when finally sorted turned into two thousand. 
Prom their contents have come out a number of additional records 
as well as additional new genera and species which I hope may be 
a stimulus to further the interest on the Island’s fresh water fauna. 

Interesting and important as is the determination of the existing 
species there still remains a no less during and satisfying phase of 
the work. Set in a peculiar environment, due to special physio- 
graphical and luclogieal conditions together with the fight among 
themselves for fo<»d, shelter and ability to perpetuate their kind by 
means of i*eproduetion, with the ensuing struggle for existence, each 
one of these groups has developed special means of meeting condi- 
tions for the aforesaid purpose. To study their occurrence, distribu- 
t on, relationdiip and some of their adjustments and how they have 
developed is a most fascinating enterprise. The pages to follow 
are a most humble start in one of the groups. The discussion is based 
on pai*t of the material collected by Dr. James G. Needham and 
myself. He not only determined the species but placed at my dis- 
port tlie notes and records which he made during his stay on the 
Island and upon which I have drawn. For his wise counsel and 
many kindnesse-s during our long association, I will be always greatly 
obliged. A similar obligation and appreciation is herein expressed 
for all the specialists who have determined the material included 
under their names in Appendix A as well as to those others to whom 
some maicrial has been submitted and is under way of determination, 
lly thanks also to all others who in any direct or indirect way have 
helped me dui-ing my work. The drawings on plates IV, V and VI 
were done by Dr. Velma Knox, and the wings on plate VII were 
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ODONATA 

The dragonflies are among the insects most commonly seen in 
Puerto Rico. How Ledru (1810) failed completdy to report in his 
list these insects is not understood. In any open space, along the 
many nvers on the Island, along the shores of the lakes, lagoons, or 
temporary pools fly these conspicuous forms of insect life. There are 
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some that are not so easily spotted due to their habits of keeping in 
shady places or else among the plants close to the bodies of water, 
which are easily missed unless specifically looked for. 

The number of species, forty-three, herein discussed is considered 
small if compared with those of Cuba. Doctor Klots (1931) in her 
excellent paper on the Odonata of Porto Rico and the Virgin Islands 
attributes this reduced number to the scarcity of breeding places but 
“the fact of Cuba’s longer association with the continental land mass 
and of Porto Rico’s earlier isolation” should receive further con- 
sideration. This earlier isolation preventing the arrival of some 
forms, together with the subsidences and upliftings of Puerto Rico 
which brought changes in climate and habitats, these latter ones 
especially along the coast, may have been factors determining the 
odonate fauna. Extinction also tlirough the action of the stronger 
odonates feeding upon the weaker, as well as destruction brought 
about by other animals, may have been deciding factors. Schmidt 
(^1930) in discussing the amphibians and reptiles mentions some of 
the preceding factors, and although there is a great difference be- 
tween these forms of animal life and insects, still there is a possibility 
of considering them. Taking in consideration the number and nature 
of the rivers on the Island, as well as lagoons and other swampy 
places, I think there are enough breeding places for supporting: a 
larger number of species than those at present in existence. Puerto 
Rico, at least on its northern side, is amply supplied with rivers 
which do not dry up during the entire year and also there are a 
few lakes which could be used as breeding places. It is true that 
lakes are scarce and only one, Tortuguero Lake, has never been 
known to dry up, but the rhers with their rapid running waters 
high up in the mountains and their sluggish courses along the 
coaslal plain coidd afford places to lotic and static species wherein 
to breed. Wilson (1911) while discussing the Odonata of Jamaica 
points out the influence of the nature of the rivers of the Island 
in keeping the majority of the species “confined to the immediate 
vicinity of the isolated ponds and quiet streams”. 

There is the possibility of the extinction of some of the qpecies 
originally occurring on the Island. The case of Protoneura capUlaris 
and Leptobasis vacillans failing to be collected together with all the 
other forms reported from the Island tends to show something along 
this line. This consideration is highly questionable since there ia 
always the possibility of not having hit the places where these* 
forms breed. A specimen of the former was collected in a house,, 
flying to lights, in Hato Rey, near Rio Piedras, fay the author about 
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six years ago, but unluckily he failed to state definitely the date 
vrhen caught and it was impossible to do it years afterward when 
the specimen was determined. No other specimens have been ever 
collected. This is also the case with Leptdbasis. 

Taking as a basis all available records, those published as well 
as those based on the collecting done by Doctor Needham and the 
author, a seasonal distribution of the Odonata of Puerto Rico has 
been considered. Pig I shows this distribution. Taken as a whole 
there seems to be no seasonal distribution of the Odonata. There 
are extreme cases which tend to show the contrary, but a more inten- 
sive collecting and detailed observations in the biology and ecology 
of those forms may modify such views. Very little has been done 
along the ecology of these insects on the Island, most of the informa- 
tion available being only along strictly taxonomic lines. In the im- 
possibility of formulating any reliable general statements the in- 
dividual species will be discussed later, always eondtioned by the 
need of further observation and more widely spread collecting. The 
maps. Pig. 3 and 4, showing the collecting places give the im- 
pression that the Island as a whole has been fairly covered. But 
in a majority of those placed no intensive collecting has been carried 
out and when this is done changes and modifications of present con- 
ditions are certain to crop out. 

An altitudinal distribution of the forms was also tried as shown 
in Table II. As in the previous eases and for the same reason 
it is impossible to make general statements. The different species 
of Anihoptera upon which data are available may be grouped into 
four main divisions: (1) above 2,000 feet: Macrothemis celeno and 
Soapanea frontalis. Nymphs of Dytkemis rufinervis have been col- 
lected also above this level. If a nymph collected in Buena Vista 
Gamp in Maricao Forest Reserve is an Aeschna, as it is being as- 
sumed, there would have to be added to this group Aosohna cornigera 
which IS the species reported from the Island. Adults of the latter 
have been collected in the next division. (2) Above 1,000 and up 
to 2,000 feet : Aeschna cornigera, Anax jumus, Dytkemis refmervis, 
Erythrodiplax conmta justiniana, Erytkrodiplax imlrata, Lepthemis 
vesiculosa, Orthcmis ferruginea, Tramea abdomvnalis, and Pantala 
flavescens. (3) Above 500 and up to 1,000 feet: Erytkemis plebeja 
and Tramea Unoiata, (4) Prom sea level up to 500 feet: Bracky- 
mesia herhida, Cannacria furcata, Corypkaeschna adnexa, Erytkrodi- 
plax minusci^, Idiatapke cubensis, Miathyria marcellaf Micratkyria 
aequalis, Mioratkyria dissoeians, Peritkemis domitia and Tramea 
onusia. Here should also be added Amx amaziU known only from 
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the Island by its nymph and Acanthagyna Mrvosa of which there are 
no available records as to adnlt distribution,^ but Doctor Klots’ 
(1932) supposition of a nymph would place it in this group. If from 
group 3 and 4 are removed the two Trameas and placed in group 2 
where the other occurring on the Island has been found and also 
Corypliacsclina adnexa which because of being a strong flier could 
easily go to higher levels, there would be a possibility of reducing all 
forms to two main divisions: those capable of trespassing the 1,000 
feet level and the other below this altitude and possibly restricted to 
the coastal areas or lower levels of the Island. 

In the Zygoptera, Table II, three main groups have been found: 
(1) Above 2,000 feet, Telebasis vulnerata is found. (2) From 1,000 
to 2,000 feet with Telebasis dominicamtm and Enallagma civile as 
adults plus Enallagma coecvm and Lesies forficida as nymphs in- 
cluded. (3) From sea level up to 500 feet comprising Anomalagrion 
liasiaium, Argiallagma minufwm, Ceratnra capreola, Enallagma cid- 
iellatum, Ischnnra ramburii, Lesfes forficula, Lesfes scalaris, Lestes 
spumariii^, and Profonenra capUlaris. If from group three, as in 
Anisoptera, are removed the Lestes included, and Enallagma cultella- 
tnm placed arbitrarily with the other Enallagmas, there could be also 
two main divisions : those not trespassing the 500 feet and the ones 
going higher than the 1,000 feet level ; the geographical regions corre- 
sponding to those indicated under Anisoptera. 

Because dragonflies are strong fliers the altitudinal distribution 
of adults has not a great meaning unless it is correlated with the 
same distrilmtion of their nymphal stages. The incomplete knowl- 
edge of distribution on the island of such stages makes impossible, 
except in individual eases later indicated, such correlation and the 
preceding discussion will be, no doubt, greatly modified as more data 
are accumulated. 

Little could be said about the horizontal distribution of Odonata, 
especially along the low’er levels, due to the ability of the adults to 
fly for veiy long distances. But there seems to be some forms which 
are strongly localized as shovm by the collecting done up to the present 
time. Here would belong Ceratnra eapreola and Argiallagma minu- 
tum among the Zygoptera and Idiot aphe cvibensis among the Anisop- 
tera. A decided case of localization was observed in the Guajataca 
Elver near Lares about 1,000 feet above sea level. Here were col- 
lected nymphs of Dythemis rufimervis and Scapanea frontcdis in large 
numbers. A distance of tv^o feet determined the species to be ob- 
tained. In a small pool, with its bottom covered with fine sand and 


^See note at end. (page 85.) 
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silt, were to be eolleeted the nj-mphs of the first. So numerous were 
they that they could be seen through the dear water, running in 
front of the net. Two feet below in the small riffles and clinging to 
the loose stones and pebbles of the gravelly bottom one could ob- 
tain only the nymphs of Scapanea. 

It is a very striking fact the absence of the larger forms of 
Anisoptera like Anax, CoryphaescJina and others when compared with 
the smaller forms of the same suborder normally flying as adults aU 
over the Island. Among the Zygoptera it is also noticed the rela- 
tive absence of the Levies spp., the largest Zygoptera on the Island, 
when compared with the rest of the members of this suborder. Wil- 
^on (1911) noticed also this fact while collecting in Jamaica. The 
factor determining this condition is not clearly understood, more so 
in the ease of Anax junitis. This species has been found in the 
nymphal stage in pools and in Tortuguero Lake where due to its 
large size it could have easily lived in competition with smaller forms. 
Yet the number of adults when compared with the rest of the forms 
in the mentioned lake was exeeedinglj’ low. A similar situation 
exists with CoruyhoeHchna: lots of njunphs were collected by Doctor 
Xeedham and the author in Tortuguero Lake, but not a single adult 
was seen. It could be thought that the season for transforming had 
not been reached, but in no case of the many occasions the author 
has been on the mentioned lake, has he seen the large anisopterans 
t bowing up. Possibly the large size of the nymphs make them easy 
pray to other more aggresive enemies or to some parasites, or either 
the adults have scludd habits and keep among the plants and trees 
close to the breeding places. 

The geographical distribution of the odonate fauna of the West 
Indies, and thereby of Puerto Rico, has been discussed by de Selys 
ilbo6) who in placing the odonata fauna of Cuba at that time con- 
sidered it closest to that of Florida and South America. He pointed 
ont ihe Fcareity of the Gomphinae, only represented by Aphylla 
cnniiba. as well as the Calopterj^ginae represented only by another 
s’ngle species Ectaerina lutcola Rambur (Hetaerina ci'uewtata Selys) 
and the complete absence of the Cordulinae. Kolbe (1888) and 
Wilson (1911) considered affinities mainly with South Ain»i-ir^»Ti 
forms and Klots (1932) states “ . . . that our characteristic An- 
tiUean fauna is most nearly' allied to that of Central America, and 
that it arrived probably at the time of the late Tertiary Action 
with Central America, when all our present families of Odonata were 
in existence. . In accounting for a ^ew forms found in Ja- 
maica and Haiti and not present on the other islands die admits tho 
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possibility of a . . secondary land bridge via the east-we^t moun- 
tain chain from Haiti through Jamaica to Honduras, in addition lo 
the Yucalan-Cuba connection”. She further indicates the import- 
ance of the flight habits of the dragonflies as well as the presence or 
absence of bodies of water and the latter in determining the distribu- 
tion of this form of insect life. 

In playing their part in the economy of nature odonates follow 
aU other forms of animal life. Among the most common enemies of 
odonates are the birds which attack both nymphs and adults. Gund- 
lacli (1878) mentions 31 species feeding on insects, but in no ca*e 
makes specific reference to particular insects and so no mention of 
the odonates is made. Bowdish (1902) (1903) mentions 30 species 
attacking insects, but only two of them Mbmis pohjglotfos orpJievs 
(Linnaeus), Jamaican Mocking bird, and Mclanerpcs portoricensis 
(Daudin), Porto Rican Woodpecker, are reported as having eaten 
adult dragonflies. Wetmore (1916) of 69 species feeding on insects 
mentions 12, or 17.4 per cent of them preying on odonates whether in 
adult or inmiphal stage, (Table HI), Butoride^ Hrescens ciihanus 
(Oberliolser), Cuban Green Heron, and Marihi affiitia (Eji:on), Lesser 
scaup duck, heading the list in percentages. Eighty-four per cent 
of the stomach food contents of three herons was made up of the 
“. . . abdomen of adult dragonfly, nymphs and several damsel flies” 
and 69 per cent of the ducks food was made up of dragonfly nymphs. 
Danforth (1926) who discusses the stomach food contents of 53 
species, (Ta})lo III), found 15 of these, or 28.3 per cent had eaten 
odonates. Tofanim hielanolevcus (Gmelin), Greater yellow legs, and 
Falco rohnnhariii^ (ohiuiharhis (Linnaeus), Pigeon Hawk, represent 
th(» two worst enemies of dragon and damsel fly nymphs respectively 
with corresponding percentages of 63.33 and 12 of their food. The 
Pigeon Hawk, again and Egretta candidissima candidissinia (Gmelin), 
Snowy Egret, are the ones with heaviest toll among the adult dragon 
and damsel flies in the order mentioned with 73 per cent and 15 per 
cent respectively. Most of the adult odonates, may have been taken 
while transforming and not able to fly ^ery much, but there is no 
doubt that some of them are caught while on the wing as has been 
observed by Danfoi*th in the eases of HydrocJielidon nigra surina- 
mensis (Gmelin), Blacktem, and Tyrannus domimcensis dominicemis 
(Gmelin), Gray kingbird, the latter seen catching Lepthcmis vesicu- 
losa (Pabricius) which is a rather swift dragonfly. Dr. James G. 
Needham has seen also this last bird catch on the wing Tramea at- 
domimlis Rambur which in its flight is still faster than the formei 
dragonfly. 
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In the nymphal stage dragonflies are picked upon more often 
than damselflies, a thing which is natural due to the small size of 
tlie damsel fly nymphs and also to their habit of clinging to small 
stems under water. Danforth’s work shows that 53.3 per cent of the 
species of birds feeding on odonates attacked the nymphs of the 
dragonflies while only 13.3 per cent of them had eaten damselfly 
nymphs. In the adults the conditions are reversed, 40 per cent of 
the birds feeding on damselflies wliile 20 per cent feed on dragonflies. 
Tliis is a good correlation, the latter being better fliers and standing 
i^sually in open spaces where they can see their enemies while the 
fornier are poor fliers, if compared with their relatives, and keep 
more often among the grasses close to the water on which they rest 
for longer pe]'iod.s and can be caught thus more easily. 

LzarJs have been repoiled to prey also on odonates, but Wolcott 
found only one case in 50 individuals of Anolis pulchelhis 
D uiieril and Bibron, where a damsel fly, Enallagma sp., had been 
eaten. Dexter (1932) found that the nymplis of odonates constituted 
O.S per cent by bulk of the food of 301 specimens of Bufo marinus 
L. I have seen the latter sitting on the leaves of water plants from 
which I have collected transforming damselflies in Cartagena lagoon 
and certainly some of these have been eaten. Pishes are by far the 
worst enemies of the njunphs and in a few eases of adults. I have not 
found any data regarding Puerto Rican fishes. 

But to all this fight with other species has to be added the struggle 
among the nymphs and adults of the odonates themselves. I have 
seen the big Amx feed upon the rapid Lcpthcmis and this in turn on 
Enjfhrodiplax iimhrafa, and Doctor Needham observed repeatedly 
case*? of cannibalism among Isclinuni vamliiriL The fight easily seen 
in the air is no les.s intense and fierce in the water where the young 
n\mphs fall easy prey to the larger ones. 

The odonates in their adult stage are beneficial because of their 
predatory ha])its and destniction of many harmful insects like the 
mosquitoes. Njunphs may be counted also in the same category, but 
this is lessened by the fact that the nymphs may destroy young 
fishes. The adults feed upon mostly any kind of insect that they 
can get hold of. In Tortuguero Lagoon the numerous Lepfhemis 
flitting in the air at the time of observation, February and March, 
were attacking the small white swamp moths Nymphida fluctwsalis 
Zeller which were then very abundant. These moths flew very low over 
the water surface, among the emergent aquatics, and so were in part 
protected from Lepthemis, but did not have such protection when at- 
tacked by Lcsfes sp. and other damselflies, which were feeding upon 



AN ECOLOGICAL SURVEY OP THE FRESH WATER INSECTS OP P. R. 55 

them eagerly, because these latter ones fly also close to the surface 
of the water. In the Yiinez River in the gorge above the bridge on 
Km. 19.6, I have seen the big Amr together with some swallows, 
early in the morning, flying up and down the river and feeding on 
the adult mayflies dancing in the air about 30 to 40 feet above. 

After the general remarks before made the following discussion 
will include observations applying to the individual cases and which 
could not be included before. The species wiU be placed for con- 
venience in alphabetical order. 

Aeschnidab 

This family is represented by the subfamily Aeschninae only* 
The six <ipecies reported from the Island are by no means common 
either in the adult or n3nnphal stage. The most common one seen 
in flight is Anax j'lmiiis and only a few recent records of Aesehm 
cornigcra (A.M.N.H,) and CoryphaescJina adnexa (Needham and 
Garcia-Diaz) are to be found. I saw once, at dusk, flying above the 
level of the electric light post about 30 feet high in Stop 38% Hato 
Eey, near Rio Piedras, an adult Gynacantha.^ I have the impression 
of having collected also a teneral specimen of the latter under the 
wireless towers at Cayey, but the misplacing of the specimen makes 
it impossible to state it as a fact. The nymphs of Anax are by far 
llie commonest and they are easily told from those of CorypJiaeschna^ 
when alive, because the latter have whitish eyes while the former 
do not. 

Acanfhagijna nervosa Rambur 

No adults have been collected.^ Gundlaeh (1888), collected them 
ill Cuba on December 15 near Cardenas and in the Zapata swamp; 
Kohl (1916) records them from the Isle of Pines, September 11, 1912. 
The nymph, if Klots’ (1932) supposition is right, was caught July 
31st, 1926, on the university campus in a ditch with temporary 
water where the sew^age overflow of a building was discharged. The 
water was ill-smelling due to a dead cat in the w'ater a short distance 
from where the nymph was collected. No other odonate njmphs 
were found here and only some tadpoles with it. From this it ap- 
pears that the nymph does not requii*e clear running or clean water. 
The tadpoles probably served as food. 

Aeschna cornigcra (Brauer) 

The adult upon which this record rests was caught in Adjuntas, 
June 8-13 (A.M.N.H.). No other adults have been seen or collected. 


* See note At end (page 85.) 
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A nymph collected by Doctor Needham. March 23, 1936, in a creek 
ie front of Camp Buena Yista in the Marieao Forests, over 2,350 
feet above sea level, seems to be an Aeschna, but is too young to 
make an accurate determination. 

Anax amazUi (Burmeister) 

(PL YI, Fig. 8) 

No adults have been collected in Puerto Rico. The record rests 
on two njunplis collected by me in Hato Rev, Stop 30, near Rio Pie- 
dras, September 15, 1926, and detennined as such by Byers (1927). 
The nymiphs were full grown. The place where they were collected 
was a rather shallow temporary^ pool, not over three feet deep at 
its most, whose water remained usually very clear during the rainy 
season. Many other odonates as nymphs and adults were collected 
and seen in this pool, but only Anax juniiis belonging to the Aesch- 
ninae was caught here on different occasions on the wing. The pool 
dried up completely during the year so the life cycle must take 
place in a year or less. This is possible if we take into consideration 
Calvert s (1934) paper, who although he thinks that in the greater 
part of North America two successive generations of A, junhis do 
not occur, admits ^‘that under continued high temperature of both 
water and air two generations per year may be possible The last 
two mentioned climatic conditions are easily met on the Island. No 
more nymphs have been collected. The place of original collection 
is no longer in existence since the hollow was filled up. 

Hagen (1867), calls this species from Cuba ‘‘ scarce Calvert 
(1899) has a record of a female from Tepic, October 1894, 1036 
meters altitude, and from Cuba Gundlach (1888) gives records No- 
vember 13, 1888 and adds ‘"im ejemplar fue cogido en Octubre 1871 
en la Habana”. This shows the species occurs at widely^' different 
altitudes and its indicated infrequent occurrence in Cuba possibly” 
accounts for absence of adults in Puerto Rican collections. 


Anax jiinms (Drury) 

Although not very often seen, the records sho^v it is to be found 
throughout the entire year and from sea level 2,000 feet up. Most 
easily caught when copulating because when doing so the pair usually 
rests along the shore of the pond. Needham (1901) has discussed 
the habits of the nymphs which are “notoriously cannibalistic a 
fact possibly acounting for the very few reaching adult stage. La 
Muda, Feb. 21; Almirante Road Km. 6.7, March 9; Lares, March 22; 
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Cabo Rojo, Feb. 23; Needham and Garcia-Diaz, Nymphs; Lake 
ToTtug:uero, Feb. 19; March 20; Almirante Road, Km. 6.7 March 18, 
Needham and Garcia-Diaz; Cartagena Lagoon, Oct. 31; Isabela, 
May 12, Garcia-Diaz. 

Coryphaeschna adm^exa (Hagen) 

(PI. V, Fig. 4; PL VI, Fig. 7) 

In only two places were adults of this species seen. I have records 
from Cuba in May, June and November which tends to show that 
adults occur throughout the whole year if these records are added 
to the ones indicated here. 

Large numbers of the nymphs of this genus were collected on the 
west end of Lake Tortuguero among Folygonum plants in standing 
water about 2% feet deep. The nymphs of Anax were equally 
numerous. The white eyes of Coryphaeschna distinguish them at 
once. 

Florida Road, Km. 4.6, Feb. 28; La Muda, Feb. 21; Needham 
and Garcia-Diaz. Nymphs: Tortuguero Lake, March 20; Needham 
and Garcia-Diaz; Isabela, May 12; Cartagena Lagoon; Oct. 31; 
Garcia-Diaz. 

Oymcantha trifida (Rambur) 

Not a single record has been added to those of Stahl, Kolbe and 
Gundlach.^ A nymph considered by Klots as Acanthagyna has been 
reported from the Island. I think I have seen and collected this 
species as stated before. Their habit of flying at dusk is possibly 
responsible for their absence in collections and Gundlach’s mention 
of their occurrence in the woods is another possibility. It has been 
caught in Cuba during August and September, occurring in large 
flocks along the coast and seen migrating from north to south in 
December. 


LIBELLXJLIDAE 

These are the dragonflies most often seen and collected all over 
the Island. Some of the species ar remarkable for their absence in 
collections. Among these are Micrathyria dUdynia didyma and M- 
crathyria hageni, specimens of which have not been collected after 
Gundlach’s and Kolbe 's records. Two more genera have recently 
been added to the Puerto Ricant list, Idiataphe ( = Ephidatia) 
cuhemis and Brachymesia furcata. Tramea onusta and Micrathyria 


^ See note at end (page 85 ) 
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a* Quulin arc also new records for the Island. Only where field notes 
are at hand or additional records to those of Klots (1932) will he 
discussed below. 

Bachymesia furcata (Hagen) 

(PL VI, Pigs. 1, 3, 5) 

One of the new records. A single adult male caught in flight 
in Coamo Springs near the reservoir April 5, 1930, Needham and 
Oarcia-Diaz. No more adult specimens have been collected on the 
Island, but no colleeiing has been done in the place of collection 
since the data before mentioned. 

("avnacria herhida ^Gundlaeh) 

.PI. VI, Pigs 2, 4, 6; PI. VI, Pig. 1) 

This species seems to be restricted to the costal plain where adults 
are quite common throughout the year. The adults fly close to the 
water and to the edge of the river, pond or lake. Usually they 
select a stick over the surface of the water where they perch per- 
^istently and to which they return after repeated disturbance. A 
female was seen ovipo^itinsr in the Bayamdn River close to the sea 
where the w-ater becomes more or less brackish when the nearby sea 
sweeps in. While ovipositing, unattended by male, she descended 
swiftly, at long intervals, to the water surface dipping the tip of 
her abdomen. Tliis procedure certianly made eggs less liable to the 
fiijh havoc. No nympho were discovered at this time. On August 
K'th the njTuphs assumed to be tliis species by comparison with those 
of Cannaeria gravida as disca^^sed by Needham and Pisher (1936) 
and with Doctor Geij.skes’ description (1934) w’ere exceedingly com- 
mon along the Cartagena Lagoon .shore. 

Tortuguero, Feb. 10, Needham and Garcia-Diaz; Tortuguero, Feb, 
lo ; Rio Piedras, Peb. 12 ; Palo Seeo, Mar. 21, Needham and Garcia- 
Diaz; Rio Piedras, Pljdng to lights at home, one female, May 19; 
Lasro Las Torres, Jmie 21; Cartagena Lagoon, August 10, October 
31; Yauco, November 11; Fajardo, Las Cabezas, December 19, Gar- 
cia-Diaz. N;>Tnphs: Cartagena Lagoon, August 10, Garcia-Dfaz. 

Dythemis rufinervk (Burmeister) 

This is a species w^hieh could be placed with the lotie ones, but 
is capable of Ihdng under completely static environment since it is 
found high up in the mountain rivers, 2,000 feet, and also in Tor- 
tuguero Lake at sea level. The adults are twig perchers. Once 
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they select a place to stand they come back to it repeatedly when 
disturbed and even after being hit by the net. The males fly close 
to the water edge over the stream. They are alert, fast flyers and 
difficult to get when in flight. The njinphs were collected m large 
numbers in the Guajataca Biver, in running water, but in a shallow 
pool with sandy bottom upon which the nymphs rested. They were 
not easily seen when at rest, matching with the surroundings, but 
once moving one could easily see them as they moved on the sand or 
swam through the water in front of the sieve net. They ai'e capable 
of standing drjmess since some placed in a pail in the late afternoon 
got out of it and were found next morning in the car or crawling over 
the sidewalk close to which the car had been left. 

Tortuguero Lake, Feb. 10, Needham ; La Muda, Feb. 21 ; Carta- 
gena Lagoon, Feb. 23; Tortuguero Lake, Feb. 15; Florida Road 
Km. 19,3; Yunez River, Feb. 28; Rio Blanco, Power plant, March 
b; Almirante Road, Km. 6.7, ilarch 3; Arecibo, Tanama River, 
March 13; Lares, Guajataca River, Alarch 23; Cabo Rojo, Feb. 24, 
Needham and Oareia-Diaz; Ponce, Rio Bueana, June 21, Coamo, Rfo 
Puyon, June 20, Garcia-Diaz, Nymplis: Lares, Guajataea River, 
March 23; Caguas, IMareh 4; Florida, Yunez River, Feb. 28; Rio 
Piedras, March 18, Needham and Qarcia-Diaz; Florida, Yunez River, 
Aug. 14, GarciarDiaz. 

Erjffltemis plebeja (Burmeister) 

One of the most difficult dragonflies to obtain because of its 
alertness and swift flight and also because it usually chooses open 
spaces for perching where it is difficult to catch. Cabo Rojo, Feb. 
23; Florida, Yiinez River, Feb. 28; Lake Tortuguero, March 20, 
Needham and Garcia-Diaz; Lago Las Torres, June 21; Cartagena 
Lagoon, October 31, Garcia-Diaz. 

ErijtJjroddplax connafa justiniana Selys 

1 have found them most abundant in swampy places usually with 
a lot of vegetation but they occur also along the rivers. They are 
fast fliers and their direction in flight is erratic. They fly low and 
seldom stand on the higher plants, preferring the lower ones, usually 
selecting new perching places every time. Once having located a 
place where they occur, one is sure to get a good series since they 
keep close to the place even if many times disturbed. On March 13, 
1935, on Almirante Road and in a swamp about one hundred yards 
west from the road sign Km, 6.7, I collected a good series of this 
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species many of which had recently emerged. I failed to obtain 
nymphs since I did not search for them. Two years before, June 
27, 1933, I got also a very good series on this locality by the road 
side Doctor Needham has a nymph caught in Florida Eoad Km. 4.6, 
which he thinks is this species. The adults, though sometimes local- 
ized, have lieen found widely spread over the Island reaching altitudes 
of 2,000 feet. They like E. umbrata do not prefer the open spaces, 
but the grasses and bushes back of tne open waters. 

Yiinez River, on the Florida Road Km. 19.3, Feb. 28; Almirante 
Eoad Km. 6.7, March 9, 13; Lake Tortuguero March 19-20, Need- 
ham and Garcia— Diaz; Almirante Road, Knu 6.7, June 27; Coamo, 
Rio Puyon, June 20, Lago Las Torres, June 21, Garcia-Diaz. 

Er\jtlivodipla.c minuscula (Rambur) 

Judging from collecting done at different times on different places 
over the Island, this species, like E. berenice naeva, is not common. 
Cartagena Lagoon, October 31, Garcia-Diaz. 

EryfJirodipIax umbrata (Linnaeus) 

I'sually the most comon species of dragonfly on the Island. It 
prefers, as said before, places back of the open water among the 
weeds or bushes. Not veiw hard to catch. When flying over the 
water they keep close to the surface. Copulate most of the time 
without coming to rest in a very short time and the female begins 
ovipositing at once, dipping the tip of the abdomen at different places 
in a small area and then moving to some other place. A striking 
fact is that although adults are common, the nymphs ai’e not so com- 
monly and easily collected. Possibly the nymphs have habits similar 
to those of Idiataphe. 

Idiafaphe ( = Epliidatia) cubensis (Hagen) 

(PI. VII, Fig. 3) 

Cowley, (1934) Ending Ephidatia preoccupied has proposed Idia~ 
fapJic for this genus. Dr, James G. Needham found this species for 
the first time February 10, in Tortuguero Lake where he reared it 
and has published the description of the nymph. Needham and 
Fisher (1936). Puerto Rico is the second place in the W'est Indies 
where this species has been found. A curious happening is that in 
Tortuguero Lake, on two different instances — ^March and August, — 
the cast skins were numerous, clinging to the stems of sedges and 
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grasses as well as on the leaves of the same, but the adults were ex- 
ceedingly scarce to the extent that only two or three were obtained. 
Do adults keep in secluded places or are they destroyed by some 
enemies? If the adults are peculiar about their habits no less are 
the nymphs. For nearly a whole forenoon were nymphs searched for 
with the sieve and apron nets along the shore of the lake among 
weeds and water plants with no success. Doctor Needham’s sugges- 
tion of the possiilbity of hiding among the roots made possible col- 
lecting a few living ones. Upon pulling some sedges growing in the 
water or close to the water edge, they were found living there. 
Among the roots of some stumps of CJirysohalamis Icaco L. in the 
water along the shore, they were found also. Finding them is a real 
job and only five nymphs were obtained. Although this species seems 
to be strongly localized as shown by the record of having been found 
only in Tortuguero Lake, not too much stress can be placed upon 
this fact when the habits of nymphs and adults are taken into con- 
sideration. 

Lake Tortuguero, Feb. 10, Needham; Lake Tortuguero, March 
20, Needham and Garcia-Diaz. Nymphs: Lake Tortuguero, Feb. 
10, Needham; Lake Toiliuguero, Feb. 14, Needham and Garcia-Diaz. 

LeptJiemis vesiculosa (Fabricius^ 

One of the most common, if not the comonest, species on the Is- 
land. Adults fly tirelessly along the open waters, keeping most of 
the time close to the shore. They may be ecxeedingly common and 
yet few cast sMns may be found. When copulating they come to 
rest, those that I have seen, and are then easily caught as in Amx. 
Though I have seen large numbers of them, I have not noticed many 
of them copulating. The female when ovipositing keeps close to the 
water and dips her abdomen in the water in limited areas and then 
moves on. When the tip of the abdomen of an ovispositing female 
is placed in a vial, the eggs are seen to come out singly, but rapidly, 
in a stringlike fashion. They stick easily to the bottom or sides of 
the vial, are whitish-yellow in color, but on standing turn brown. 
The nymphs live in pools and standing waters, but also in running 
water since in 1980 Doctor Needham collected numerous nymphs 
among algae mats growing in the shallow Coamo River back of Coamo 
Spring hotel. The highest altitude record is 1,800 feet. On Fig. I 
there are some months in which Lepthemis is not recorded. This is 
because there are no actual records, but there is no doubt that this 
species occurs throughout the entire year. 
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Macrathemis celeno (Selys) 

A widely spread species over the Island. Primarily a lotie one, 
ranging from sea level to above 2,000 feet. The adults fly along the 
rivers and usually come to rest on the gravel or stones along the 
edges. They are very difficult to catch because of their swift flight. 
When standing on the stones or gravel one has to strike from above, 
since they have the habit of shooting straight up from their resting 
place if disturbed. A female seen ovipositing unattended by the 
male, flew eight to twelve inches above a sandy riffle and made 
Iisrhtning-quick dashes to the water ^s surface and back again to the 
■same level, hitting the water lightly with the tip of the abdomen each 
time, this descent and return made so quickly that the eyes could 
hardly follow. Although present in lower levels, it is most common 
and easily seen along the water courses in the high levels. The 
minphs in the rivers are found among the overhanging roots and 
stems of plants growing close to the edges. 

La iluda, Feb. 21 ; Florida, Ytinez River, Feb. 28 ; Rio Blanco, 
on Hieaeo River dam above the power plant, March 8 ; Lares, Gua- 
jataca River, March 22; Arecibo, March 13, Needham and Gkircia- 
Diaz, La Catalina, Luquillo Mts., JulJy 2; Ponce, Rio Bucan4, June 
21; Coamo. Rio Puyon, June 21; Cartagena Lagoon, October 31; 
Garcia-Diaz. Nymphs: La Muda, Feb. 9, Florida, Tunez River, 
February 28, Needham and Garcia-Diaz. 

Miatkyria marcella (Selys) 

Apparently restricted to the costal plain where it has been only 
collected up to the present time. 

Cartagena Lagoon, Feb. 28, Needham and Garcia-Diaz; Carta 
gena Lagoon, October 31, Gareia-Diaz. Nymph: Rio Piedras, For- 
estry Department pool, Feb. 7, Needham. 

Micraihyria aeqmlis Hagen 

Collected only north of Cabo Rojo along an irrigation ditch. Not 
reported before from the Island. Very similar to M, Sssocians but 
easily distinguished because of its smaller size and the smaller white 
spots on segment 7. Cabo Rojo, Feb. 24, Needham and Garcia-Diaz. 

Miorathyria dissodcm Calvert 

The most common species of the genus occurring on the Iidand 
in sharp contrast with the marked absence of M. did^ma didyma and 
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M. hageni which rest yet upon Gundlaeh’s and Kolbe's records. Ap- 
parently confined to the costal plain. 

Isabela, March 25, Needham; Cabo Rojo, Peb. 24; Florida, Ytinez 
River, Peb. 28; Almirante Road Km. 6.7, near Vega Baja^ March 
9, Arecibo, March 13, Needham and Garcia-Diaz; Almirante Road, 
Km 6.7 near Vega Baja, June 27, Gareia-Diaz. 

Orthemis ferrugima (Pabricius) 

The collecting records thus far are from eastern two-thirds of 
the Island, but it is certainly present all over It has been caught 
from sea level up to the 2,000 feet line. There is no doubt that it 
will be found above this since this species is capable of wide vertical 
distribution. A species rather difficult to catch because of its swift 
flight and perching on twigs in open spaces. Some adults are re- 
markably red. I have seen a female ovipositing on the tiles of the 
vestibule of a building in the University and when disturbed insisted 
upon coming back and doing it again. An adult was caught also 
April 12, fljung to the lights at my home. The nymphs of two reared 
adults when compared with Klots’ (1932) supposition for Brachy- 
mesi/i gravida confirmed Doctor Needham's (1936) belief that such 
supposed nj’inph is but an Orthemis. 

Plorida, Tfinez River, Peb. 28; Rio Blanco, by power house, 
March 8; Almirante Road Km. 6.7 March 9; Lake Tortuguero, 
March 20, 21 ; Arecibo River, March 13, Needham and Garcia-Diaz. 
Rio Piedras, an adult flying to home lights, April 12 ; La Catalina, 
Luquillo Mts,, July 22; Ceiba, Ensenada Honda, July 24; Rio Pie- 
dras, June 22; Fajardo, Las Cabezas, December 19; Tauco, Novem- 
ber 1; Ponce, Rio Bueana, June 21, Garcia-Diaz. Nymphs: Isabela, 
March 25, Needham. 

Pantala flavescens (Pabricius) 

Not so common as the other species Prefers sunny open spaces 
where it flies tirelessly keeping usually almost the same level, and 
about five feet from the ground, while getting its food. Usually 
there are a few together when doing so. 

Lake Tortuguero, Peb. 10, Needham; Almirante Road, near Vega 
Baja, Km. 6.7, March 9, Needham and Garcia Diaz; Fajardo, Que- 
brada Vuelta, July 24; Tauco, Dec. 1, Garcia-Diaz. 

Perithends dondtia (Drury) 

The adults are not commonly seen, recorded only from three places 
on the Island, probably due to their sensitiveness, as mentioned by 
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Needham and Haywood (1929'i to bright shiny or cloudy damp days. 
I collected a good series of nymphs in a sink hole pool near Isabela, 
Road No. 2 Km. 103 on May 12. The pool was extremely muddy, 
hea'^ly loaded with organic matter made up mainly of leaves which 
had fallen from the trees which sun*ounded and partially covered 
the pool. The water fleas and small ostracods were so common that 
they formed brown patches on the surface and around any stumps 
above the surface of the water. The nymphs were found along the 
edges of the pool. Some of them were taken to the laboratory and 
reared, yielding seven females and three males. The former agree 
with Dr. Ris (1930) remarks about specimens from Cuba as quoted 
by Klots (1932). Five of the females show also a brown spot on 
the anterior wing occupying the first cell of the bridge and part of 
the cells under this as well as the first cell between Mj and M 2 some- 
times extnding to the other cells above and below this latter ones. 
On the posterior wing a similar spot past and close to the oblique 
vein filling i^art of the area of the cell as well as some of the cells 
above and below. In two females the spots did not show clearly, 
but the faintly colored areas could be partially made out. Perhaps 
the specimens were killed before coloring up completely. The large 
number of females to males in the lot reared, though it may have no 
meaning at all, is in strong contrast with their absence in collected 
specimens. A female seen ovipositing, unattended, in the above- 
mentioned pool flew close to a piece of wood emerging above the sur- 
face of the water and while in flight rapMly and repeatedly touched 
the wood close to the surface of the water; she did this for a num- 
ber of times, quit, and began doing it again, repeating the process 
on different occasions. 

Cabo Rojo, February 24, Needham and Garcia-Diaz; Isabela, 
May 12, Garcia-Diaz, Nymph: Isabela, ]VIay 12, Garcia-Diaz. 

Scapanea frontalis (Burmeister) 

This is mainly a lotic species on the Island and restricted princi- 
pally 10 the higher levels, although there are records from Maya- 
giiez and Wilson (1911) found it also in Jamaica along the dead 
water at sea level”. But the nymphs in Puerto Rico have been col- 
lected, up to the present, only above the 500 feet level, becoming com- 
moner higher up. The living adult males make themselves con- 
spicuous while in flight by the white spot near the tip of the abdomen 
segments 7, 8, and 9, and which does not show in many preserved 
specimens. The females do not show this spot. Both are strong 
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fliers flitting dose to the water up and down the course of the stream, 
loitering over pools. They are stremely shy, though approachable, 
but of one is missed by the net usually all go away. Most of them 
are caught on the wing. They copulate without coming to rest. 
Their nymphs are capable of standing dryness to a large d^ee since 
they crawled out of a bucket of water during the night, and like 
those of Dythemis mentioned before, were found the foUoivii^ day 
on the floor of the car and on the sidewalk. They prefer rapid 
running water, clinging to the stones — some of them to the under 
surface. 

Luquillo Mountains, February 18; Rio Blanco, above Hicaco 
River dam, March 8; Lares, March 22, Needham and Garcia-Diaz. 
Nymphs: Florida, Ydnez River, Feb. 28; Arecibo River, near 
Utuado, March 13 ; Lares, March 13 ; Needham and Garcia-Diaz. 

Tramea abdominalns (Rambur) 

The most common of the Trameas on the Island. Besides flyii^ 
alone I have seen them flocking together in lai^e numbers while feed- 
ing on the Chironomids which keep in duster from 12 to 15 or 20 
feet above the ground. The female may oviposit unattended or with 
the male. When the latter happens the male releases the female 
from one to two inches above the surface of the water, when she 
descends to oviposit hovering meanwhile above and on her coming 
up the male seizes her again ; both fly for a diort time and repeat the 
action described. If the female is missed by the male she continues 
to oviposit unattended, sometimes the male trying to get hold of her 
repeatedly. The ^gs, yellowish in color, descend slowly in a duster 
of 7-10 eggs to the bottom. The keeping of the eggs togetiier in 
such a fashion without scattering, renders them no doubt subject to 
the attacks of Ashes and other enemies and here is a possible ex- 
planation of the comparative scardty of nymphs of this genus when 
compared with the number collected of nymphs of other genera. 

Rio Piedras, Feb. 7, 9 ; Tortuguero Lake, Feb. 10 ; Isabela, March 
25; Needham; Tortuguero Lake, Feb. 15; Cartagena Lagoon, Feb. 
23; Cabo Rojo, Feb. 24; Florida, Tunez River, Feb. 28; ffio Blancoy 
near power house, March 8; Almirante Road Rm. 6.7; March 9; 
Arecibo, March 13, Tortuguero Lake, March 20, 21, Needham and 
GarciarDiaz; Almirante Road, Em. 6.7, June 27 ; Cartagena Lagoon* 
Oct. 31; Lares, Oct. 30; Penuelas, March 24; Lago Las Torres, Juiut 
21, Gareia-Diaz. Nymphs: Cartagena Lagoon, Feb. 23, (reared), 
Neeham and Garcia-Diaz. 
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Tramiu iinotata (Rambiir) 

The least common species of Tmmett found on the Island if com- 
pared with the other two. The nymph is unknown. Florida, Ttinez 
River, Feb. 28 ; Almirante Road, Km. 6.7 near Vega Baja, March 9 ; 
Arecibo, March 13; Tortnguero Lake, March 19, 20, Needham and 
Gareia-Diaz. 

Tramca onusta (Hagen) 

A species not reported from the Island although from .the West 
Indies. I have collected them flying together and among the flocks 
of T. aMomimliit. Not captured at higher levels but undoubtedly 
there. 

Cartagena Lagoon, Feb. 23; Arecibo River, March 13; Tortn- 
guero Lake, March 20, 21, Needham and Garcia-Diaz; Ceiba, July 
24; Fajax-do, Las Cabezas, December 19; Yauco, Nov. 1, Garcia-Diaz. 

ZYGOPTESA 

An additional genus, Arguillagmu has to be added to those already 
listed from the Island and also a species, EnaUagma cvlfellatum. 
Bmall as ai-e some of them an with pecidiar habits of life, as will be 
indicated presently under each species, a few of these odonates are 
liable to be overlooked. The status of their nymphal stages remains 
practically the same as stated by Klots (1932) with the only excep- 
tions of Enallagma caecum and E. ciiUellafu.m, both of which have 
been reai'cd. To these two should be added a .supposition believed 
to be the nymph of Argiallagm. The.se three njunphs with others 
of the Anisoptei*a are discussed fui'ther on. It is a striking fact 
that the n.vmphs of these odonates, with the exception of those of 
Ltchuiira and Enallagma coeeim, are veiy xtncommon although the 
adults occur in the place where collecting is done. A aiiigio family 
Coemgrionidai with two subfamilies Leafinat and Coemgrioninae 
have been thus far reported. 

Anomalagrion hastutim (Say) 

The most inconspicuous of all the zygopterans on the Idand and 
easily overlooked because, although the male has a yellow color, this 
blends with the dry leaves of the plants in the nearly dry places 
back of the open waters where they occur. They keep among the 
plant and weeds and the females, mostly dull colored, are also not 
easily seen. It seems to be restricted to the lower levels reaching the 
500 feet line where it has been collected, though future eoUeeting may 
alter this vie^. 
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Bio Piedras, Forestry Department pool, Feb. 8, 9; Tortuguero 
Lake, Feb. 10, 15, Needham; Guaniea Lagoon, Feb. 24; Bio Pie- 
dras Biver back of Experimental Station, Feb. 12; Florida, Tunez 
Biver, Feb. 28 ; Almirante Eoad, Km. 6.7 ; near Vega Baja, March 9 ; 
Tortugnero Lake, March 19, 20, Needham and Gareia-Diaz; Almi- 
rante Eoad, Km. 6.7, Jnne 27, Gareia-Diaz. 

Argiallagma m in utu ni ( Selys ) 

(PI. IV; PJ. V, Figs. 1, 3; PI. VII, Fig. 2) 

Doctor Needham collected this species for the first time on the 
Island in Tortugnero Lake, Feb. 10, and later at Almirante Boad, 
Km. 6.7, March 9. Regarding the collecting at this last place he 
says: . the Argiallagmas were captured among the weeds, none 

over the pond, but in plashy places where they could flit through the 
small interv^ening openings from stem to stem. I broke paths through 
the weeds so as to get about more easily, and then traversed these, 
scanning the bordering stems for the delicate little damselflies. They 
did not seem to be common but by diligence got a good lot. Only 
rarely was any other species found near them; Anmndlagrion has- 
tatum betimes and ver,\ rarely an Ischnura rambiirii; this latter lives 
more openly.” 

So far this species has been collected from only two places and no 
comment can be made as to its distribution considering the above 
notes, but it seems to be a localized form. In August I went to 
Almirante Eoad, where Doctor Needham had collected adults, to 
obtain some nymphs, but was unable to find them. Although I 
searched most carefully, I saw but one adult specimen which I missed 
when I tried to capture it. I eoUeeted though some in Tortuguero 
Lake. 

Tortuguero Lake, Feb. 15, Needham; Almirante Road, Km. 6.7; 
near Vega Baja, March 9 in copula; Tortuguero Lake, March 20, 
(in copula), Needham and Gareia-Diaz; Tortuguero Lake, August 
16, (in copula), Gareia-Diaz. Nymph: (Supposition) Almirante 
Road, Km. 6.7, March 9, Needham and Gareia-Diaz. 

Ceratwa capreola (Hagen) 

(PL V, Figs. 2, 5) 

Another species which tends to be a localized one, keeps among 
the plants and weeds not flying in the open. Nothing is known about 
its habits and the nymph is unknown, although Klots (1932) pub- 
lished a supposition and another is also discussed in this paper. 
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Tortngnero Lake, Feb. 15, Needham; Tortxiguero Lake, March 
2«i. Needham and Garela-Diaz; Florida, in STvampy hollow close to 
EiTcr. At^. 15, Gareia-Diaz. 


Enallagma civile (Hagen) 

These dainty blue damselflies are found most often in pools and 
standing water: they may be found also along running water. In 
flight they keep close to the surface of the pool and do not fly for 
very long periods, pausing repeatedly on anything above the water 
or among the plants along the edge. They have been collected from 
sea level to 2,000 feet. *Vlthough adults are common the nymphs 
are apparently scarce for reasons given in the discussion of the 
nymphs far&er on. 

Eio Piedras, Forestry Department pool, Feb. 8; Rio Piedras, 
River back of the Experimental Station, Feb. 12 ; Isabda, March 25, 
Needham : Cartagena Lagoon, Feb. 23 ; Florida Road, Km. 4.7, Feb. 
28; Almirante Road, Km. 6.7, March 9; Tortuguero Lake, March 
20, Needham and Garcia-Diaz; San Germin, April 28; Almirante 
Road, June 27; Cartagena Lagoon, August 9, 10, November 31, 
Gareia-Diaz. 

Enallagma caecum. (Hagen) 

This species is primarily lotic, preferring running water but it 
may be found also along standing waters. "Widely distributed over 
the Island. Its nymph has been collected above 1,000 feet level and 
the adults above the 2,000 feet line. The former have the habit of 
hiding among the roots of sedges growing dose to the water near 
the edges and are found also among overhanging roots of other plants. 
In a random collecting in the creek at Florida Road, Km. 4.7, the 
nymphs of this spedes outnumbered those of Ischnura in a ratio of 
ten to one. No other .species of Zygoptera were found with them. 

La Mnda, Feb. 9; Rio Piedras, River back of the Experimental 
Station, Feb. 12; Florida, Yunez River, Feb. 28; Florida Road, 
Km. 4.7. Feb. 28; Caguas, Cagiiitas River, March 4, Rio Blanco, 
above Rio Hicaco dam, March 8; Almirante Road Km. 6.7, March 
9; Tortt^ero Lake, March 20; Adjuntas, March 23; Arecibo, Ta- 
nam& River, March 13 ; Needham and Gareia-Diaz ; Cayey Wirdess 
Station, May 6; Florida, Yunez River, August 15; La Catalina, 
Luquillo Mountams, July 22; San Germhn, River near the town, 
April 28; Ponce, Rio Bucand, June 21; Ooamo, Klver Puydn, June 
21, Garcia-Diaz. Nymphs; Florida, Yiinez River, Feb, 28; Florida 
Road, Kin. 4.7, Feb. 28; Csiguas, Cagiiitas River, March 4; Rio 
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Blanco, above Ilieaeo River clam, March 7; Almirante Road, Km. 
6.7, March 9 ; Arecibo-Uliiado Road, Ems. 56 and 60 near Utuado, 
March 13 ; Rio Piedras, March 18 ; Lares, Gnajataea River, March 
22 ; Adjnntas, March 23, Needham and Garcia-Diaz ; Florida, Ynnez 
River, June 21; in mai*shy-&wampy hollow close to River, August 15, 
Garcia-Diaz. 

Endllagma ctiUellaUtm (Ilagen) 

(PI. V, Fig. 6, 7) 

I 

Found only in Tortuguero Lake by Doctor Needham, February 10, 
thus adding another species record for ihe Island to the genus. On 
Felu’uary 15 there were many in copula and some of them ovipositing. 
A female while carrying this latter process stood on a leaf of Nym- 
i:>liokles humboldtiamm bending its abdomen around the margin and 
under the leaf on whose lower epidermis made crescent shaped slits 
and stuck the eggs with their micropylar end pointing towards the 
openings of the slits. These were placed in a semicircular arrange- 
ment. The eggs had a black conic apex surrounded by some sub- 
stance which was impossible to ascertain whether it was a secretion 
or part of the epidermis of the leaf. While the female was ovi- 
positing, the male kept hold on her, standing out in the air. Some 
nymphs were transforming and specimens were collected on the stems 
of plants about a foot above the water. These can be easily told 
from the other species by the rather stout, highly chitinized, terminal 
spine at the end of the serrated edges of the gill plates. Some of 
the adidts were seen standing along the sandy shore of the lake and 
Avei’e common. This was in contrast with conditions in August when 
I saw very few, being able to collect but an adult and an additional 
teneral one. Possibly another localized species, the male is easily 
distinguished by its bright yellow frons, elypeus and labrum. A 
young njunpli from Cano Tiburones places it among the hardiest 
ones for reasons given under the next species. 

Tortuguero Lake, Feb. 10, Needham; Feb. 15, Needham and 
Garcia-Diaz ; August 16, Gareia-Dfaz. Nymphs: Tortuguero Lake, 
Feb. 10, (east skins) Needham; Feb. 15; Cano Tiburones, March 12, 
Needham and Garcia-Diaz. 

Ischniira raniburii (Selys) 

The most common damseMy on the Island through the entire 
year, but apparently restricted to the lower levels. There are no 
records above the 300 feet line. They become so numerous at times 
that failing to find food enough for aU, they resort to cannibalism. 
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The pairs in copula fly for long periods together, resting among 
plants and flying about, but not necessarily ovipositing. This is 
another of the hardiest Zygopterans on the Island, since I collected 
nymphs in the waters of Cano Tiburones which are decidedly brackish 
because of their connection with the sea by way of the Areeibo River. 

Rio Piedras, pool in Forestry Department, Feb. 7, 8, 9; Tortu- 
tfuero Lake, Feb. 10 ; ^launabo, Feb. 11 ; Isabela, March 25, Need- 
ham; Rio Piedras, River back of Experimental Station, Feb. 12; 
Toriiigiiero Lake, Feb. 15; Cartagena Lagoon, Feb. 23; Guanica 
Lagoon, Feb. 24; Florida Road, Km. 4.7, Feb. 28; Caguas, March 
4; Ahnirante Road, Km. 6.7, March 9; Areeibo, March 13; Lake 
Tortaguero, March 19, 20; Palo Seeo, March 21, Needham and Gar- 
cia-Diaz; Cartagena Lagoon, August 10, Garcaa-Diaz. Nymphs: 
Tortuguero Lake, Feb. 15 ; Rio Piedi*as, River back of the Experi- 
mental Station, Feb. 18; Cartagena Lagoon, Feb. 23; Guanica La- 
goon, IVb. 25; Cano Tiburones, March 12; Tortuguero Lake, March 
20, Needham and Gareia-Diaz; Isabela, May 12; Cartagena Lagoon, 
AugiLst 10, October 31, Garcia-Diaz. 

Lestes forficida (Rambur) 

The most eomnion species of the Lestinae, occurring mainly along 
the coast but nymphs of it have been collected at Las Cruces on 
Road mmi]>er one in a place 1461 feet high. The females may ovi- 
posit attended or not by the male. In the first case the male clings 
to the sui^port while the female thrusts her ovipositor into the tissues 
ttf the weed or water plant. A female was seen ovispositing in the 
hates td* a '^edge from b to 10 inches above the surface of the winter. 
< )iher limes they oviposit closer to the surface and gradually go down 
the suppoit below the surface inserting their eggs, until neaiij’^ the 
whole abdomen is in the water. 

Rio Piedras, pool in Forestry Department, Feb. 8; Tortuguero 
Lake, Feb. 10; Isabela, March 25, Needham; Rio Piedras, River back 
of the Experimental Station, Feb. 12; Tortuguero Lake, Feb. 15; 
Cartagena Lagoon, Feb. 23; Florida, Feb. 28; Almirante Road, 
Km. 6.7, March 9; Ai-eciln), March 13; Tortuguero Lake, March 19- 
20, Needham and Garcia-Diaz. Tortuguero Lake, August 17, Garcia- 
Diaz. Nymphs: Rio Piedras, pool in Forestry Department, (reared^ 
Feb. 8, Needham; Tortuguero Lake, (reared), Feb, 15; Cartagena 
Lagoon, (cast skins only), Feb. 23, Needham and Garcia-Diaz. 
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Lesfes scalar is (Qiindlach) 

Not common, if compared with the preceding one, on the Island. 

Floinda, Yiinez River, Feb. 28 ; Almirante Road, Km. 6.7, March 
9, Needham and Garcia-Diaz. 

Lesies spumarins fSelys) 

The least common species of Lestes on the Island, judging from 
the records which are only those of Selys and an additional one of 
the American Alnseum of Natural History. No specimens were ob- 
tained even when looked for in the place last mentioned. 

Protonewa capillaris (.Rambur) 

A single specimen of this species caught on the Island after Selys 
(1886) record; unluckily the date was not indicated, about 1928. 
Flying to lights. 

Rio Piedras, Hato Hey Stop 38^21 Garcia-Diaz. 

Telchasis dominicamtm (Selys) 

This species, and the following one prefer to the open spaces the 
margin of the bodies of water where they are found or else among 
Ihe weeds some distance from them. Adults have been collected 
from sea level to the 2,000 level. 

Rio Piedras, River back of the Experiment Station, Feb. 12 ; Gua- 
n’ca Lake, Feb. 24; Florida, Yiinez River, Feb. 28; Florida Road 
Km. 4.7; Caguas, Cagiiitas River, March 4; Almirante Road, Km. 
6.7, March 9 ; Arecibo, Tanama River, March 13, Needham and Gar- 
cia-Diaz ; San German, River near town, April 28 ; Florida, swamp 
in hollow close to the river, August 15; Almiante Road, Km. 6.7, 
June 27, Garcia-Diaz. 

Telehasis viilneraia (Hagen) 

(PI. Y, Figs. 8, 9) 

The adults of these species have been collected in more places 
than the preceding one. Well distributed all over the Island with 
habits as indicated already. I have collected specimens above 2,000 
feet level in the Luquillo Mountains in and above La Mina Recrea- 
tional Area, flying in the shade along the courses of the small creeks. 

No n.ATuphs of these species have been described so far. A female 
specimen reared by Doctor Needham from Buena Vista Camp in 
Maricao is described farther on. Klots' njinph (1932) is that of 
EnaUafjma coccum. 
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La 3^Iu<ia, Feb. 9; Tortuguero Lake, Feb. 15; Florida, Ydnez 
EiTer, Feb. 15 ; Eio Blanco, near the power houi^e, March 8 ; Arecibo, 
Tanama Eiver, March 13, Needham and Gaeia-Diaz. Nymph: Ma- 
ricao Forests, Camp Buena Vista, March 24, Needham and Gareia- 
Diaz. 

THE NYMPHS 

The immature stages or nymphs of Odonata of the West Indies 
were for the first time thoroughly and systematically considered by 
Elois ^^1932;. The majority of her suposltions were later corro- 
borated by the collecting and rearing done by Dr. James G. Needham. 
In a later paper, Needham and Fisher (1936) the senior author added 
the description of IdMaphe (Ephidatia) cubeiisis. The descriptions 
which are to follow will increase the number known and modify some 
of the previous accounts. Yet there stiU remain a good number of 
nymphs to be reared and a great deal to learn about their habits, 
some of which have been indicated on the preceding pages. Follow- 
ing tlie plan of pre^uous discussions the descriptions are placed, for 
convenience, in alphabetical order. 


AinSOPTEBA 

Brachymesia furcata Hagen (Supposition) 

(PI. VI, Figs. 1, 3, 5) 

Length 20.9-22.8 mm.; abdomen 14.0-14.9 mm.; hind femur 6.67-7.20 
mm.; width of head 5.57-6.7 mm.; of abdomen 8.0-8.5 mm. 

Head two times as wide as long; greatest width aecross the eyes; the 
latter ones bulging conspicuously, the anterior two thirds of their margins in 
a smooth curve which becomes rapidly straightened on the posterior third; 
hind angles with minnte rather thickly set black spines; occiput smoothly emar- 
ginate. The meeting of the evtiemities of the occiput and the liind angles 
marked by two broad ridges which diminish in size anteriorly. Batio of an- 
tennal segments 1;-8:1.8:1.1:1.2:1.6;1. Last antennal segment slightly con- 
stricted near its end, the following portion forming a minute bulb. 
thin, its binge behind the first pair of legs but not reaching the Tnirlflift 
the second pair; length 3.3 mm., width 3.97-4.05 mm. Margins of medial 
lobe and inner edge of lateral lobes smooth and beset with strong setae. These 
are more or less regularly ^aced along the entire length of the margin of the 
medial lobe which shows a cluster of them at its middle point. They are nearly 
absent along the basal ha lf of the margin of the lateral lobe but become very 
numerous towards the apex where it meets the distal margin. Labial teeth strong, 
serrated and with spinules varying in number from O on that closest to the 
terminal hook to 5 on some of the middle ones and decreamng in the foUowiag 
onea Lateral setae 7-^, mentals 16-13. 
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Legs slender, the femora -with no definite pattern on them bnt the first and 
seeond darker than the third with their distal portions lighter than the rest. 
The tibia of the first leg with a well marked dark brown spot midway its 
length, the distal end also tinged with brown. Posterior wing pad 6.76-7.2 mm. 
long. 

Abdomen wider than the head, smooth. Dorsal hooks on segments 3-10; 
those on segments 6-9 strongly developed, with highly chitinized tips and broad 
bases. The one on segment 9 as long as segment 10 whose hook is minnte if 
compared with the others. No definite color pattern but lighter blotches mid- 
way between the dorsal hooks and the margins. Lateral spines on segments 8 
and 9, short, strongly chitinized, somewhat incurved and with short, stout setae 
back of them along the edge of the segments. Length of spines 0.45 mm. 
and 0.6-0.75 mm. respectively. Appendages short, sharp pointed; superior and 
inferiors equal, laterals about one half as long, measuring 1.8-1.95 mm., 0.93- 
1.05 mm. and 1.87-1.95 mm. respectively. 

Isabela, bare lime sink hole, March 25, Dr. James Q. Needliam. 

RESMARKS 

Among the material there were these six cast skins collected by 
Doctor Needliam in a bare lime sink hole near Isabela. They were 
different from all other nymphs of the genera of dragondOies known 
to occur on the Island. The only possibility left of nymphs not col- 
lected was Braclymesm f urea fa. As indicated before there is a good 
series of east skins which are believed to be Cannacria herhida which 
agree with Doctor Geijskes^ description of this supposed Brachymesia 
furcata. This was pointed out by Needham and Fisher (1936). 
There are some differences between Doctor Geijskes’ measurements 
and the averages of those of the six nymphs considered in this paper 
and shown on Table I. They could be due to the preservation 
or to the possibility of Doctor Geiiskes^ nymphs not representing the 
ultimate instar as he believes. 

If the nymph described has been correctly placed, it will show 
that Doctor Needham contention (1930) that Brachymesia and Gan- 
nacria should be kept as two different genera is the correct one. 
The main differences distinguishing Brachymesia furcata from Can- 
nacria herhida are the size of the abdominal appendages and the 
nature of the dorsal hooks. The former are shorter and the latter 
broader and stronger in furcaia than in herhida. These major dif- 
ferences are corroborated by otheors like the difference in the last 
antennal segment, the shape of the eyes, the size of the lateral i^ines 
on segments 8 and 9, the width of the abdomen, the smaller hook of 
herhida on segment 10 and other differences indicated on Table 1. 
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Coryphaeschna adnexa (.Hagen) 

(PI. V, Fig. 4; PL VE, Pig. 7) 

LeiigHi 41.0 mm.; abdomen 28.25 mm 

Large head, greatest "width across the eyes 8 mm.; the latter large and 
rounded, their most proximal slightly sdnuated margin 1.6 mm. from the oc- 
cipital margin, measured from the greatest depth of the shmation. Occiput 
emarginate, its proximal mid-point to a corresponding one on the vertex margin 
1.4 mm., its width 5.25 mm. across. Maximum length across the head, back 
of the proximal margin of the eyes 6.25 mm. Ratio of the antennal segments: 
1:1.5:2: 1:1.5: 1.5:1. The labium measures 7 mm. in length and 5 mm. wide; 
sides from hinge out more or less parallel for about 4 mm. where they broaden 
out to attain the maximum width of 5 Tmn. Very small setae along the finely 
serrated edges starting a little below the place where the broadening begins 
where there is besides the ridge of spinules a few of the latter on the inner 
surface of the labium; somewhat flattened along the margins where breadth 
is largest. Distal margin of medial lobe rather convex rising .5 mm. above 
horizontal line between bases of lateral lobes. A cleft .2 mm. deep and .15 
mm. wide in the middle with two chitinized rounded teeth about .1 mm. from 
the edge of the cleft rising about .03 mm. .above the margin. Hairs along the 
margin rising as high as the two teeth close to cleft. Lateral lobes with their 
inner lover margin denticulated beyond the curved proximal end, the small 
teeth increasing in size until they reach the large chitinized tooth at the distal 
end of the inner margin on the lower end of the nearly squarely truncate total 
margin of the lateral lobe. This outer distal margin is also denticulated, but 
the teeth are small and compare only with those at the proximal end of the 
ventral margin of the lateral lobes; the large ventral tooth is about % the 
length of tho truncate distal margin. Very small setae along the middorsal 
line of the movable hooks- 

Tho legs with a few hairs on them; possibly some of the latter even lost 
during dryness, but by no means are they hairy. Measurements of femur, 
tibia, and tarsus as follows: 1 3.6:4.25:2; II 5.1:4.75:2; III 6:6:2.5. Pos- 
terior wing jmds 8.75 mni. 

Alitloiiieu elongate, widest at the sixth segment measuring 7.3 mm. Spines 
on segments 6, 7, S, 9 having a length of .25; .6; .75; and .5 respectively. 
Lateral margin of spine bearing segments serrate with fine setae in the notches. 
Gonci])oi)hyse& on 8th segment 2.75 mm. long, reaching the hind border of seg- 
ment nine; those on this latter segment 2 mm. long reaching beyond the hind 
margin. Lateral appendages 3.75 mm. long, more or less rounded and ending 
in a strongly chitinized sharp point; as long as the superior which is rounded 
at the tip. Inferior appendages the same length of lateral reaching a fraction 
of a millimeter beyond the superior, triquetral m shape, incurved tips ehitmized 
but not as heavily as laterals. 

Aliniraiite Koad, near Vega Baja, Kri. 6.7, March 9, Dr. James 
G. Needham. 
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REMARKS 

Tlie preeeedijig description is based on a cast skin supposed to 
represent ilie last larval instar because it was dry and on a bulrush. 
A ^ery thin mud film covered the surface hiding all possible color 
pattern^. 

A num»»fcr of similar nymphs were obtained in Tortuguero Lake 
together v;ith those of Aiiax. They are easily told from these latter 
ones, tvjen alive, because they have white eyes, as well as by their 
abdominal appendages. 

None oi the living nymphs collected had attained the size of the 
described cast skin, but undoubtedly are the same species. The 
youi‘‘ger njunphs have a tendency to be darker in color than the 
older on*"S. Antennal segments 3 and 4 are brown in color as well as 
the dKtal end of the teiminal one. The labia of the younger ones 
may show smaller additional teeth between the cleft and the two 
larger teeih mentioned in the description. The color pattern on the 
legs i*^ ^ariable also from completely patemless ones, through some 
of their femora marked with three rings and a brown or black spot 
about -y distant from the proximal end of the femora. These dots 
are Ibe ones lo hold most consistently thi'oughout. The abdomen 
has no definite color pattern, but in the middle size nymphs there 
may appear on the sides tno diagonally placed brovn spots, most 
easily <5 ‘en and occurring more frequently, on segments 5-8 although 
the anterior ones may show them also. A black dot on the ventral 
s-u-rtice of the inferior appendages, close to the ehitinized tip and sep- 
arated from ihi's by a less ehitinized and equal to or slightly larger 
than the black spot itsell 

Kbits (1932^ suggests the possibility of another species besides 
C. mhii n: since, as slated by her, this is not certain I have assunoied 
thj'^ nymph to be the latter.^ 

ZYGOPTEEA 

Argicllagma minutum (Selys) 

(PI. IV; PI. Y, Figs. 1, 3; PI. VI, Fig. 2) 

Length 9 ram. -f- 4 mm. giUs, abdomen 5.75 m-m. 

Head flattened, bind angles rounded with easily seen, ^arsely placed spines. 
Antennal segments 1 and 2 witb dark broivn spots on their inner TnftT£a-ngj dose 
to the joint, also on distal outer margin of second segment* Proximal fourth 
of the third brown, the rest of the antenna with no raarkings. IRatio of an- 
tennal segments 1:1.1:2.5:1.8:1.1:,9:.7. Widest distance across the eyes 2.7 


>See note at end. (page 85 .) 
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mm. Labium with four mental and seven lateral setae. Distal margin of men* 
turn more or less even, but beset wth very minute teeth-like spines which give 
it the appearance of being finely denticulated. Tnuer margin of lateral lobe finely 
serrated; distal inner fixed tooth small and shaiply incurved, notch between 
this and central distal lobe rather shallow and only half as wide as deep. Cen- 
tral terminal lobe squarely truncate with external third showing minute spines 
on bolder. Inner extreme close to fixed tooth, pointed. 

Femur of first leg with two diffuse brown rings and proximal end tinged 
with the same color; the second with similar markings but deeper in color; 
on the third the pigment is not so heavy, but the rings may be easily seen. 
Tibiae with no definite rings, but brownish in color. Femur, tibiae and tarsi 
as follows: I 1.5 mm.; 1.5 mm.; 0.7.3 mm.; II 1.9 mm.; 2.0 mm.; 0.75 mm.; 
Ill 2.4 mm.; 2.5 mm.; 1.00 mm. Posterior wing pad 2.9 mm. 

Dorsal surface of abdominal segments brown, mottled with numerous, small 
dots lighter in color. Middorsal area of segments with no dots on it and 
lighter in color than tho rest, increasing in width from proximal margin of 
fifth segment and reaching its maximum on segment 10. About the middle of 
the segments 7, 8 and 9 and on the sides of the light middorsal areas^ dark 
brown dots. Similar but fainter dots about % of the segment on 5 and 6. 
Lateral keels with spines. Female gonapophyses on 8 and 9, reaching beyond 
the distal margin of segment 10. The one on the 8th is the longest and that 
of the 9 th with tips highly chitinized. dills, lateral ones lanceolate, tapering 
to a point; more or less pigmented throughout with scattered larger brown 
dots. Heavier and larger pigmented areas on outer margins of distal half 
tending to form irregular bands. Tracheal branches pinnately arranged, being 
more numerous in upper half above central main trunk, than in lower area, 
pigmented and scarcely branched. Marginal spines about one-half the length 
of the gill. 

Almiranle Road, neai* Vega Baja, Km. 6.7, Marcli 9, Needham 
and Garcia-Diaz. 


REMARKS 

The description is based on a single specimen obtained in the 
same place where a series of adults were collected at the same time. 
One of the legs was cleared and showed the characteristic long spines 
of the genus. 

Ceraiura capreola (Hagen) (Supposition) 

(PI. V, Figs. 2, 5) 

Length 9.5 twtti + 3.8-4.3 mm. gills; abdomen 6.1 mm. 

Hind margins of head standing out more than usual with many spines 
easily seen. Greatest width across the eyes 3.3 mm. Segments one and two 
of the antenna brown in color, the rest with a very faintly tinge on their 
proximal ends. Eatio of the antennal segments 1:1.5 :2:1.7:1.2:.9;.5. Labium 
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strong and large one mental and wx lateral setae. Distal margin slightly 
erenated with minute spines in erennlations close to base of lateral lobes^ which 
becomes ceeth-like as they approach to the center. Lateral lobes with straight 
smooth inner margin; the distal central margin between the fixed tooth and 
the movable hook slanting rapidly from the former to the base of the latter^ 
slightly erenulated and having a few minute spinnles on its central length. 

Femora with dark colore<l proximal ends and two dark brown rings showing 
bettei on the first two than on the hind one. Tibiae with very fine hairs on 
their outer surfaces, more numerous than usual. The femur, tibia and tarsus 
mea^aring: I 1.6 inm.; 2.0 mm.; 0.8 mm.; II 2.25 mm.; 2.4 mm.; 1.1 mm.; 
HI 2.7.1 mm.; 3.0 mm.; 1.2 mm. 

Abdomen cylindrical; a light middorsal area on each segment, largest on 
and 10. The rest of the segments dark brown in color with numerous setae, 
but no strong spines. Lateral keels conspicuous on segments 2-7, without 
spines, the distal ends of those on 2-5 white in color. Distal margins of seg- 
ments .5-9 with dull white marks. Male ganopophyses reaching the middle of 
segment lU. Gills with practically no branches in the proximal third, those 
beyond, not greatly branched, pigmented and running more or less parallel to 
the margins, but rearward. Sides of gill gradually widening out for about 
lialf the distance, when they widen suddenly becoming abruptly to a point at 
the tip. Main trachea pigmented and a little pigment throughout the entire 
giij, with rounded, irregularly scattered, patches along the margins. Marginal 
spines of middle gill about one half the length of the gill with fine setae be- 
tween the spines. 

liio Fieclras River, jsoutli of the Agrielutiiral Experimental Sta- 
tion, !Mar<'li 18 Needham and Gareia-Diaz. 

T?F.Tlf AU-TTR 

Four nymphs with the setal formula given were collected. One 
of them is too young and the other three are too old to show the 
venation. 

Klots (1932i has desenbed a nymph collected by Doctor Need- 
ham at TVismar, British Guiana, April 13, 1930. These nymphs dif- 
fer in many details from the one described by Doctor Klots, but 
is only a supposition which is justified mainly on the basis of the 
size. The nymphs which I take for fully mature, because of the 
stage of development of the wing pads, are too small for any of 
the other species on the Island with the exception of Argiallagma 
minutinn from which are easily distinguished by the setal formula. 
The measurements given are based on one of the nymphs since of the 
other three one is too young and the other two had their abdomen 
elongated due to poor preservation. 
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E nail fig mu civile (Hagen) 

REMARKS 

The nympli ot‘ this species was described ])y Doctor Needham 
and Cockerell (1903). Its absence in the collection struck me, more 
so when adults were collected and seen in many places where nymphs 
apparently were absent. Upon examining the venation of the wing 
pads of some nymphs believed to be Ischnura nnnhiirii I found 
that arose in many of them between the 4th and 5th post- 

nodals instead of between the 3rd and 4th. This suggested the pos- 
sibility of some of these nymphs being those of Enallagyna civile. 
This supposition was backed to a certain extent by some of those 
nymphs having three mental setae, other with three mentals and 
sometimes a rudimentary fourth one, while a few others would have 
foul* mental and lastly a rudimentary fifth one. These facts made 
it impossible to certainly distinguish Emllagma civile from Isachmira 
vamliirii, since all other characters, including the gills, seem to in- 
tergrade and be similar in the two species. The lengths of the second 
and third antenal segment are somewhat reliable in distinguishing 
them. In Emllagma the third segment is fully one and a half 
times longer than the second while in Ischmira it is slightly longer, 
but never as in the first ease. The Puerto Rican species, as it often 
happens with coiTesponding northern and southern ones, seems to 
be smaller in size than that described by Needham and CookereU. 
"Were it not for this, it could be easily told apart because none of 
Puerto Rican species attain the size of the original description. A 
reared series of both species vill be the only possible final criteria. 

Enallugma caecum (Hagen) 

Length 12-12.5 mm. + 4.3 mm.-4.5 mm. gills; abdomen 8-5.3 ram. 

Dorsal surface of head back of posterior margin of eyes dotted with brown 
spots which are the bases of small spines; hind angles smooth and but with a 
few spines on margin. Widest distance across the eyes 3.1 mm. First and 
second antennal segments brown, proximal and distal ends of third segment 
tinged with brown with a lighter middle area; segments 4, 5 and 6 with prox- 
imal ends tinged with brown also. Batio of antennal segments 1:1:1.5:.9: 
.5:. 3:. 2. Labium with one mental and three lateral setae. Distal margin of 
mentum irregularly serrated for about oue-fourth its distance from the base 
of lateral lobe, from there on to the center more regularly serrated with minute 
spinules set in the notches. Inner margin of later^ lobe uneven: de^ not<di 
between terminal hook and central distal portion between the latter and movable 
hook. Distal margin of this central lobe broken into 3-5 irregular teeth. 

Femora of all legs with an apical brown ring, rest of the legs without 
markings. Inner proximal end of tibiae with a chitinized spine-like outer mar- 
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gin. Distal end of tarsus darker in color than the rest. Pemora, tibia and 
tarsus: I 1.55 nun.; 1.9 mm.; .9 mm.; II 2.1 mm.; 2.2 mm.; 1 mm.; m 
2.7 mm.; 2.75 mm.; 1.15 mm.; Posterior wing pads 3.9 mm. 

Abdomen covered with numerous spines. A middorsal thin line which broad- 
ens posteriorly on segment 8, 9 and 10, where the clear area covers most of 
the dorsal surface. An area, darker than the rest of the segment, on the sides 
of the clear line, widest in segments 6 and 7 and hardly noticeable on the 
sides of clear area on segment 10. On the distal middorsal margins of seg- 
ments 4-9 turo brown spots separated by the dear central line. On the same 
margins and half way between dorsal dots and lateral ked a small dark dot 
on segments 4, 5, and 6. Lateral keels well devdoped on segments 2-8 with 
easily seen spines on the entire keel. Gonapophyses of female on 8 and 9, 
reaching distal end of segment 10, those of male as far as the middle of seg- 
ment 10. Gills jointed, marginal spines extending to the joint, the rest of the 
margin with very final setae. A main central trachea with few rather simple 
lateral branches most numerous beyond the joint, on proximal half some pig- 
mented tiaeheal branches. Pigment on proximal half dose to central trachea; 
on distal half covering a broader area in irregular patches, sometimes tending 
to form 2 or 3 cross bands. The tips of unbroken gills end in a point but 
in the majority this tip breaks and the gill ends in an acute angle. 

Adjiuitas, March 28, Needham and Gareia-Diaz. 

REMAHKS 

Klots (1932) ill dibcnssiiig the species E, voecum and E. carde- 
ninm after a most careful and exact consideration of the male ap- 
pendages as well as indicating other differences in the adults did 
not feel like making them two different species, but the second a 
subspecies of the first. The rearing of a male and female specimen 
by Doctor Needham and myself and a comparison of these nymphs 
with the description of the one by Byers (1930), tend lo make a 
valid species for Enallagma cardenium. The differences between the 
described njTnphs as well as those of the adults indicated by Klots, 
it is believed, substantiate this view. 

The nymphs upon which Klots based her description as Tdehasis 
domvnit'anum were, I think, not fully developed which may account 
for discrepancies in both descriptions. 

Enallagma cultellatvm (Hagen) 

(PI. V, Pigs. 6, 7) 

Length 11.5 mm. + 5 mm. gills; abdomeu 7.5-8 mw . 

Head much wider than long; eyes standing out laterally from hind mar- 
gins with the emargination where the former and the latter meet deeper 
usual; hind margins slightly spinulose and not smoothly rounded, but tending 
to form a wide angle at their extreme outer points as th^ curve into proximal 



AN ECOLOGICAL SURVEY OF THE FRESH WATER INSECTS OP P. R. 81 


margin of eyes. First segment of the antenna and two-thirds of the second 
brown in color; the rest with no markings. Batio of antennal segments: 
1 : 0.8 : 1.6 : 1.0 : 0.6 : 0.4 : 0.3. Labium with 3 + 1 mental and 5 lateral setae. Central 
distal portion of mental lobe smoothly rounded with its edge crenulated, with 
small denticles set in the erenulations, most easily seen in central half of the en- 
tire margin. Inner margin of lateral lobe minutely crenulated. A deep broad, 
slightly deeper than broad, notch between the terminal fixed tooth and the 
distal central portion of the lateral lobe; tliis latter one broken into three well 
defined teeth followed oy an irregular broken surface and a straight outermost 
side; the first tooth about twice the size of the following one. 

Legs slender, the femora with distal or apical brown rings, their proximal 
ends also brown; tibiae with a proximal incomplete brown ring diowing best 
on the ventral surface, the rest of the legs with no color pattern. Measurements 
of femur, tibia and tarsus: I 1.5 mm.; 1.8 mm.; 0.8 mm.; II 2.0 mm.; 2.1 
mm.; 0.9 mm.; Ill 2.6 mm.; 2.7 mm.; 1.00 mm. 

Abdomen with lateral keels strongly developed on segments 2-8, spiny, end- 
ing at their distal end in two sti*ong chitinized spines in segments 2-7; seg- 
ment 8 with only one distal lateral spine; segment 9 without a wdl marked 
lateral keel, but showing a single strong terminal spine in place corresponding 
to preceding ones. On middorsal line of segments 4-9, on distal margin, two 
spines larger and more strongly chitinized than the rest, on middorsal surface 
of segment 2 near its proximal margin a close tuft of setae; a smaller and 
sunilar tuft on segment one. Gonapophyses of female on 8 and 9 not reaching 
but close to distal margin of segment 10. Gills jointed about half-way their- 
length, with pigmented branched tracheae. Marginal spines to the joint ter- 
minating in one thicker than the other with a strongly chitinized base. 

Toliuguero Lake, February 14, 15, Needham and Garcia-Diaz. 

A reared male and a few cast skins sensed as a basis for the* 
description. No other nymphs were collected. The measurements 
are mainly from the cast skins. The color pattern of the gills of 
the living nymphs may very from the one given herein. 

A very young nymph from Cano Tiburones shows on its gills 
the characteristic spine of the marginal ones. The gills have many 
transparent areas alternating with incomplete, irregular transverse, 
light brown areas. Lateral branches few, branched and pigmented. 

Teleiasis vulnerata (Hagen) 

(PL V, Pigs. 8, 9) 

Length 12.5 mm. + 4.5 mm. giHs; abdomen 7.5 mm. 

Head with large conspicuous eyes, posterior margins smoothly rounded and 
slightly spixLulose. Batio of antennal segments 1:1.5:2.6:1.8:1.1;.8:.5 The sec- 
ond segment with a small distal outwardly placed dark spot. The rest with 
no markings. Extremely fine setae on papillae on the middle of segment three 
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as wdl as on its distal end where they are more numerous. Similar papillae 
and setae on distal ends of segments 4-7. Labium reaehing the middle coxae; 
three mental setae with many minute ones scattered about; six easily seen 
lateral ones with an additional weaker and smaller one dose to the base of 
lateral lobe. Blst^ margin of mentum smooth with teeth-like i^inules separated 
by a distance at least equal to the size of the spinules. Central distal margin 
of lateral lobe somewhat truncate with a slight notch close to fbced tooth 
and on its outer two thirds bearing spinules similar to those of distal margin 
of mentum. 

Femora with two brown rings separated by three nearly equal light areas. 
The first brown ring on the first femora not so clearly marked at the othsErs. 
Extreme proximal end of the tibiae tinged with brown as well as distal end 
of femora. Distal end of tibiae light in color followed by a brown ring, rest 
of tibia clear. Femora, tibiae and tarsi as follows: I 2.0 mm.; 2.4 mm.; tarsi 
missing; 11 2.6 mm.; 2.7 mm.; 1.1 mm.; Ill 8.3 mm.; 3.4 mm.; 1.4 
mm.; Posterior wing pads 4 mm. 

Abdomen with well developed ^ines on the lateral keels of segments 4, 5 , 
6, 7 and 8 though less numerous on the first and last of those mentioned. The 
distal margins of these segments decidedly brown with light dear areas. Two 
brown broken lines dose to the lateral keels. Dorsal surface of some segments 
i^arsdy covered with short i^ines most numerous in segments 6, 7, and 8. The 
tenth segment deddedly circular, the distal margin fringed with short, strong 
chitinized spines. Female gonapophyses on 8th and 9th segments nearly reach- 
ing distal margin of segment 10. GiUs about three and a half times as long 
as wide; dorsal marginal spines of middle gill, one half its length, on the 
spaces between the spines very fine setae varying in number, but most numerous 
on distal ones; the main trachea pigmented with light and dark places, lateral 
branches not very numerous, but strong and more branched towards the basal 
portion of the pigmented. Basal half of gUl with little pigment when 
compared with distal one where it is irregularly scattered in darker blotehen 
with lighter areas between. 

Maxicao Forest Reserve, Camp Buena Vista, March 24, Needham. 

REMARKS 

A single reared female specimen, on the cast skin of which is 
based the description. No more nymphs collected. As indicated 
before I think the nymph described under this name by Klots (1932) 
is K caecum. 
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Tabus II. THE ALTITUDINAL DISTRIBUTION OP ODONATA: 
NYMPHS AND ADULTS 


Species 

Nymphs 

Adults 

No. of 
Sta. 

Min. 

Alt. 

Max. 

Alt. 

No. of 
Sta. 

Min. 

At. 

Max. 

Alt. 

ANISOPTERA 







1 A Mnthnfvna nervosa 

•1 

80 






•1 

2350+ 


1 

1^ 



1 

80 ' 






5 

**0 

1968 

9 


1896 


•1 

20 


11 




Ha 

164 


1 



Ha 

0 

164 

3 


^K^iH 



80 

2000+ 

18 


1896+ 





6 




HHiiiB 


mmiii 

1 




UiUlfli 



12J 


IfiQA 




■mh 

2 




2 

0 

80 

17 

0 










■■n 


0 

1 





0 

300 

18 

HI 

1050 



100 

1300 

18 

0 

2000+ 




300 

4 


86 


H|||H 



1 

mm 

1^1 MIMI 

immif 






HMIUli 


300 

8 

20 








4 

80 

1300 

is 

HHiri 






8 




2 

80 

164 

3 


164 


3 

500 

1968 

10 

16 

Kil^a 


1 


20 

17 


IKOR 





4 

0 






8 

0 

104 

ZYGOPTBRA 

. 






2 

80 


11 

0 



*1 



HB 



^■1 




lUlliiil 

500 


^■1 



Ha 

HHHfiV 

1^6 



80 

1050 


0 

2000+ 


1 

0 



0 



3 

0 

300 

18 

0 

Kial 









8 

0 

1461 

Hh^ 

HHEl 






2 






mmm 

1 


17 




mmni 

1 







9 

17 

1968 


1 


2350 

15 

16 

2000 


* Nymplis designated by supposition. 
Sea level. 
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StTMMARY OF Table HI. 



Bowdisb, 

1902 

Danforth, 

1926 

Wetmore, 
1916; 1927 

Total number of species of birds reported feeding on insects. . 

30 

63 

69 

Species feeding on odonates 

2 

15 

12 

Percentages of species preying on odonates 

6 6 

28 3 

17.4 


NOTE 

Wjbiile the preceding pages were in press specimens were eoUected which 
alter some records and points of Tiew taken at the time the work was done. 

Aecmthagym nervosa Bambur 

Specimens were collected in Tortuguero Lake, west end Oct. 31. 
The end of the lake was completely dry. 'While collecting, late in 
the afternoon, it became quite dark when a specimen was seen. 
Presently other specimen appeared and seven were collected. They 
fly close to the gi’onnd, from 12 to 18 inches, among the clumps of 
grasses. Once seen it is most probable to capture them, even if 
missed once or twice, because they keep flying slowly around. 

The collecting of these ^ecimens in this place questions the sup- 
position of the numph described under CorypJiaesehna adnexa. The 
adults were collected exactly on the same place where the nymphs 
believed to be the same as that dscribed were collected. Could these 
nymphs be those of Acanthagyna nervosa and not those of Cory- 
phaesehna adnexaf 

Gynacantha trifida (Bambur) 

Specimens of this species were captured for the first time in 
Ameryjul, a small farm on the Trujillo Alto road Km. 1.2, Oct. 9, 
at dusk, close to a small creek east of the main road. Another sped- 
men was caught in the same place Dee. 8 at 5 : 00 F. M. Two other 
specimens were obtained about four kilometer from the place: one 
at home, Stop 38% Hato Key, Nov. 18, which flew into the bath 
room and another found in a room of the Stahl buiMin^ in the 
University by Mr. E. Cdrdova Marqu4s, Dee. 20. 

The adults appear late in this afternoon. They are very rapid 
flyers making it nearly impossible to capture them. They do not 
fly usually in the open but keep “nosing" into the higher plants 
and bushes. Their somber colors make it some times imposdble to 
distinguish them and only their flight makes them visible. I have 
never seen one standii^ still. Now and then they dart up into the 
open space above, reaching an altitude of 30 feet or more. 
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The collection of the specimen at Stop 38^^, Hato Rey, verifies 
the statement made on page 55. The presenee of adults in the 
mentioned area questions, in "view of tie statements made under 
AcantJiagyna in this note, Elots’ (1932) assumption about the nymph 
bdieved by her to be that of Acmthagyna. 
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Localities in Puerto Rico where Zyooptera have been collected 
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Appendix A 

The following a record of the material collected in Puerto Rico 
together with the one discussed on the preceding pages. As stated 
before, I feel a deep and great obligation for the socialists who most 
kindly have made the determinations. Dr. 0, P. Alexander deter- 
mined the Tipulidae : Dr. C. Betten the Trichoptera— this order has 
been worked only to genera due to lack of time on my part to take 
advantage of Doctor Betien’s help; Dr. W. T. M. Forbes the Lepi- 
doptera; Dr. E. Matheson the Gulicidae; Dr. P. N. Musgrave the 
Dryopidae; Dr. A. J. Mutcliler the Dytiscidae, Gyrinidae and Hy- 
drophilidae; Dr. J. 6. Needham the Odonata; and Dr. J. R. Traver 
the Ephemeroptera. Dr. 0. A. Johannsen is working the rest of 
the Xemocera, and Dr. H. B. Hungerford the aquatic Hemiptera. I 
liave still some material which will be submitted, in the near future, 
to other specialists. 


COIiEOPTEBA 

Dryopidae: det. Dr. P. N. Mnsgrave. 

1. Cylloepus danforthi Musgrave. 

2. JiTeoehmis gradKs Musgrave. 

8. Phanoeefug* htAhardi?^ Schaeffer. 

Dytiscidae: det. Br. A. J. Mutchler. 

4. Bidesus* sp. 

5. CopelatuB postieakts P. 

a. Sydroecmfhus ieiooJor Say. 

7. LaecophUus hifasoiaivs Chevrolat. 

8. LaecophUus proximus Say. 

9. Pae^ydras hrevU Sharp. 

10. Pa<^dru8 gJobosue Anhe. 

11. Ehanius* ealidus* P. 

12. ThermofiPctes hasillaris Hania 

13. Thermoneatee drcumscriptus Latreille. 

14. Thermonectes margineguttaius Aizhe. 

Oytinidae: det. Br. A. J. Mutehler. 

15. Dineutes metaUious Aube. 

16. Dineutes longimanus portoricensis OdiB. 

17. Gyrimu rugifer Eegimbart. 

SydropTiHidcte: det. Dr. A. J. Mnfcehler. 

18. Berosus guadaloupensis Pleat, and Salle. 

19. Berosus tesselatus Chevrolat. 

80. DeraJtus* rudis* Sharp. 

21. JBnoehrus nebvdossts Say. 

22. Sftoehrus oohraemis Melsh. 

23. EydrophUus insidaHs Chevrolat 

♦New record of genus and species based on material edUeeied. 
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24. Uydrophilus ater intermedius Jacq. Duval. 

25. Nechydrophilus* phalUcus* Oroliyinont. 

26. Ochthehm sp. 

27. jParacymus* submpreusi* Say 

28. Pelosoma* sp. 

29. Fhacnotypus* palmarwn* Schwarz. 

30. Tropisternus collans P. 

31. Tropisternus lateralis P. 


DIPTEBA 

OvUoidae: det. Dr. B. Mathesou. 

32. Chaoborus* festi/ous* D. & S. 

33. Gultx antillwn-magnoium Dyar. 

Tipulidae: det. Dr. C. P. Alexander. 

34. Dolichopeza (Megistomastix(i amtiloba** Alex. 

35. Dolichopeza (Megistomastix) obt^mloba** Alex. 

36. Eriopiera (Mesooyphona) caloptera Say. 

37. Erioptera (Mesocyphona) portoricensis Alex. 

38. Gonomyia (lApophleps) bicornuta Alex. 

39. Gonomyia (lApophleps) monocantha** Alex. 

40. Gonomyia (lApophleps) orthomera** Alex. 

41. Gonomyia (Lipophleps) plewralis (Will.) 

42. Gonomyia (Lipophleps) subterminalis Alex. 

43. Gnophomyice diasA** Alex. 

44. Eelius (EeUus) albitarsis 0. S. 

45. Eexaloma (Eriocera) trifasciata (Boder). 

46. lAmonia (Geranomyia) antiUarum Alex. 

47. Lmonia (Dicranomyia) brevivana torrida Alex. 

48. lAmonia (Neolimmbia) dwa Schiner). 

49. Limonia (Dicrammma) dAstam O. S. 

50. lAmonia (Bhipidia) domestica O. S. 

51. Limonia (Bhipidia) tetraleuca** Alex. 

52. Limonia (Geranomyia) subredsa Alex. 

53. Polymera (Polymera) gemcvHata Alex. 

54. Shannonomyia leonardi Alex. 

55. Shannonomyia triangularis (Alex.) 

56. Toxorhina (Toxorhina) fragilis Lw. 

57. Trentepholia (Paramongoma) nAveitarsis Alex. 

EPHEMEBOPTEBA ; det. Dr. J. B. Tiaver. 

BaeHdae, 

58. Baetis* garoianus** Traver. 

59. Baetis spp. 

60. Borinquena** carmendta** Traver. 

61. Bormguena eontradicens** Traver. 

62. Caenis* sp. 

63. Callibaetis completa Banks. 

64. Cloeodes** maoulApes** TravCT. 


* New record of gemis or species based on material collected. 

** New genera and species based on material cdllected. 
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ti5. Cloeodes portoncense'^*^ Traver. 

6<5. Cloeodes consignatum* Traver. 

67. Cloeodes sp. 

6S. Xcohagenulns*'' julto* Travel. 

69. Keohagenulus tinctvs*^ Traver. 

70. Xeohagenulus sp. 

LEPIDOPTEEtA: det. Dr. W. T. M. Porbes. 

Aictudae*** 

JProgona pallida Kosehler. 

Cosmopieiigidae***^ 

JEripMa? sp. 

Plialoniidae,*** 

Phalonia sp. 

Pyralidae, 

71. AiCjinarfis ,sumptuosalis Moseliler. 

7± Ximphvla iiiqosnJis Musebler. 

Ttneidac,*"^* 

Achanodes sp. 

Homostmea? tischerieXla? Walsmgham. 

Mea iiLCudeUa Forbes. 

Proiodarcia sp. 

Tortnddae.*** 

Palbis exdtanai Mosdiler. 

Ppiblema sp. 


TRICHOPTEEA: det. Dr. 0, Betten. 

Keli^psyohmae. 

73. Eelicopsyche sp. 

EydropsycJiidae, 

74- JSmiendta* sp. 

Hydroptilidae.* 

75. Hydropttla sp. 

76. Xeotiichia* sp. 

77. Xei;^’’ genera.** 

7S. Oxy^tMra* sp. 

Leptoceridae^ 

79. Fletodes*sp. 

Philopotamidae, 

80. Chimana albOToaculata Kolbe. 

81. Chimarra sp.* 

Potycentropidae* 

82. New genus.** 

Paychomyidae.* 

83. Lype* sp. 

ShyacopJiUidae/* 

84. Atopsyche* sp. 


*New record of genus or q^eies based on material collected. 

*’'*Not aquatic. 
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EXPLANATION OF PLATES 
Plate IV 

ArgMlngma minutiim (Selys) 

Plvte V 

1. Argiallagma mimdiim, labium. 

2. Cimtnra capreola, labium. 

3. ArgutUagma miniiium, (yill. 

4. Coryphaeschna adnexa, labliun. 

5. Ceratura capreoht, pll. 

6. Enalhiqma onlfellaium, gill. 

7. EmlUtgma cuUellatinn, labium. 

8. Telelask vuln(raia, labium. 

9. Tclchasis oulncmta, gill. 

Plate TI 

1. Brachymem furcafa, part of abdomen with dorsal hooks and 

caudal appendages. 

2. Cammeria lierhida, part of abdomen, lateral, with dorsal hooks 

and caudal appendages. 

3. Brachymesia furcata, part of the abdomen, lateral, with dorsal 

hooks and caudal appendages. 

4. Cannacria lierhida, antenna. 

5. Brachymesia fnreata, antenna. 

6. Cannacria herhida, part of abdomen, ^rith dorsal hooks and 

caudal appendages. 

7. Coryphaeschna adnexa^ caudal appandages. 

8. Anax amazili, caudal appendages. 

Plate VII 
Wings of: 

1. Cannacria lierhida. 

2. Argiallagma minutum. 

3. Idiataphe cuhensis. 
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TEE NUTBITIVE VALUEiS OF SOME FORAGE CROPS OF 
PUERTO RICO" ^.3 

1. Grasses 

By J. H. Axtmatese, C. F. Asenjo and D. H. Cook, 
of the Department of Chemistry, Sdiool of Tropical Medicine, Saxx Juan, P. E. 

Introddotion 

The importance of the knowledge of the feeding value of forage 
crops in relation to the modern livestock and dairy industries is 
recognized. 

Metabolic experiments carried out with lambs have proved to be 
an acceptable and practical method of determining nutritional in- 
dexes of feeds, such as the biological value, coefScienl of apparent 
digestibility, etc., these serving to give the relative nutritive values 
of different forage crops when fed to ruminants. 

Since no work of this kind has been undertaken before in Puerto 
Eieo, we have had up to the present time no exact knowledge concem- 
mg the nutritive values of the different pastures used in our dairy 
and livestock industry. 

The data presented here has been collected from experiments 
carried out during the years 1936 and 1937. We have tried to ob- 
tain information (similar to that collected in studies on forage crops 
in the United Stales) concerning the nutritive values of those pas- 
tures most commonly used on our Island, bnt in no way should this 
initial investigation be taken as a final dictum on the matter. In 
addition to the work which has been done to determine the nutri- 
tional indexes of the different grasses studied, we have also tried 
to obtain information regarding the iofluence such factors as the 
stage of maturity at the time of cutting, the cutting and the kind 
of fertilizer used, may have on the nutritive values of these grasses. 

^Oooperatire project betfreezL the Agricoltaral Expeorixaent Station of the tJnifersity of 
Pnerto Rico and the School of Tropical Hedidne. 

‘Pield work was conducted by the Experimeat Station at Bfo Piedras. 

* Study made possible from gnrant'in'aid of the Bankhead Jones Act of U. S. A« 
Congress 1936. 
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These factors are of enough, importance to be the subject of a special 
investigation. Therefore, justification for presenting the present 
study lies in the hope that the data given here shall serve to indicate 
the problems to be solved in a systematic study of the nutritive 
indexes of the forage crops of our Island. 

Review op the Literature 

Although literature on the present subject is non-existent in 
Puerto Rico, it is so extensive in the States that it seems unnecessary 
for us to present more than a review of those studies from which 
we have taken our method. Sotola points out that the most accurate 
method of evaluating proteins at the present time appears to be 
that employed by Thomas and later modified by Mitchell (1). 
Mitchell performed a rigorous and extensive investigation of his 
method and came to the conclusion that it possessed a high degree 
of accuracy. It will be interesting to note that Mitchell used white 
rats as experimental animals. The method followed by Sotola (2) 
in his investigation on the biological value of the forage crops of 
the United States is similar to that recommended by Mitchell, being 
modified only in that Sotola used sheep instead of rats. The ad- 
visability of using sheep is clear, as results obtained in nutritive 
experiments with these animals have been shown to apply to cattle 
(3), and they are easier to work with. 

The methods we followed in the determination of apparent coef- 
ficients of digestibility were the ones used by Sotola (4) . 

ilATERIAL AND METHODS 

The animals used in our experiment were native sheep whose 
ages ranged from six to eighteen months when purchased. We 
searched the Island in the hope of finding a pui*e breed of sheep, 
but could not find a single farm where the breeding or care of sheep 
were carried out under controlled conditions. The animals had 
been allowed to roam about the farms and could not be used durizi^ 
the first two or three weeks after they were brought to the laboratory 
because they were practically unmanageable. 

The grasses studied were ^own at the Experiment Station Farm 
of the University of Puerto’ Rico at Rio Piedras. A field of ap- 
proximately 2 acres was divided into seventy-two 1/40 acre plots, 
each treatment of the soil being replicated twelve times. One half 
of the replication was fertilized with a mixture of 400 pounds of 
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ammonium sulphate and 200 pounds of double superphosphate per 
acre, and the other half was fertilized with 400 pounds of ammonium 
sulphate alone per acre. 

The stages of maturation at which these grasses were cut were 
just before or during the flowering periods. 

The cutting was done early in the morning, the grasses being 
chopped into pieces ranging from 2 to 4 inches in length, put into 
jute bags and sent to us by truck, arriving usually at about 8 or 9 
o’clock in the morning. 

The detailed field conditions under which the grasses were grown 
are given in table A. 

Experxmental 

Metabolism cages, 3^ feet long, 2 feet wide, and 3 feet high, 
similar to those used by Sotola (4) were constructed at the School 
shop. Each cage was provided with a double bottom for the col- 
lection of the urine and feces separately. 

The animals, before beginning an experimental period, were kept 
during a preliminary period of 10 days on the ration to be tested. 
At the termination of this preliminary period, the animals were 
placed in the metabolism cages and the collection of the data for 
the experiment was begun. Each experiment lasted ten days. 

The following data were collected during these ten-day experi- 
mental periods: 1. Initial and final weights of the animals at the 
start and the end of the experimental periods. 2. Weights of the 
feed consumed per day. 3. Weights of the feed refused per day. 
4. Weights of the feces eliminated per day. 5. Volumes of the water 
consumed per day. 6 Volumes of the urine eliminated per clay. 

These data w’^ere collected practically at the same time every day, 
from 9 to 10 a. m., and alicfuot samples of the feeds given, the retuse 
left, and the feces and urine eliminated, ^vere taken for analysis. 

All the solid samples collected were dried in an air oven at 100®G. 
The composite aliquot samples of the feces and urine were kept in 
the ice box Xylol Avas added to the urine as preservative. The 
samples of the grasses were kept in paper bags after having been 
dried. All the solid samples were ground in a Willy mill at the 
end of each experimental period; the powder obtained was mixed, 
and large enough portions of it were put into amber bottles provided 
with tight stoppers to be preserved for analysis. All the analyses 
reported in this study have been performed according to the methods 
of the Association of Official Agricultural Chemists. In the case of 
the nitrogen determinations, we used a solution consisting of ten 
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*N means those fertilized with ammonium suliiliate alone. N and F means those fertilized with ammonium sulphate and superphosphate. 
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parts of a saturated solution of metliyl red in 50 per cent alcohol and 
one part of a 0.25 per cent methylene blue solution in water as an 
indicator to titrate the standard acid in which the ammonia was col- 
lected against the standard base. A freshly prepared solution was 
used whenever titrations were performed. This indicator mixture 
has the advantage of giving a very sharp end point, changing from 
violet on the acid side to green on the alkaline side. 

An artificial ration having the following composition was given 
to the animals during the trials performed for determining the 
minimum protein required for maintenance: 


Para grass straw (no leaves) 10.00 per cent 

Sugar 21.43 per cent 

Staidi 21.43 per cent 

Celln flour 43. 90 per cent 

Bone meal 2. 00 per cent 

Oil 1. 24 per cent 


Group A and Group B of our animals became used in this diet 
after a short time and ate an average of about 400 grams of it per 
day. The animals of Group D and Group E never became used to 
it, preferring rather to starve. Due to this, we ran only four trials 
on this low protein diet; three with animals in Group A and one 
with animals in Group B. We have calculated the body nitrogen in 
the feces per gram of dry matter ingested and the body nitrogen 
in the urine per kilogram of body weight from the data obtained 
from these trials. The average value obtained from these four trials 
was applied to all our animals. 

Existing data indicates that the body nitrogen in the feces per 
gram of the dry matter ingested and the body nitrogen in the nrine 
per kilogram of the body weight for sheep receiving a low nitrogen 
ration is quite uniform. We include the results obtained by other 
investigators as well as by ourselves for the low protein trials, in 
table 3. These results are quite close if we consider the different 
breeds of animals used. 

Kesults 

Table no. 1 records the percentage content of nitrogen in the feed 
consumed, the refuse left, and the feces and urine eliminated. These 
values are later used in the determination of the biological values of 
the grasses. 

Table no. 2 gives the data gathered during the four ten-day 
metabolism experiments in which the nearly nitrogen-free rations 
were fed. The average values obtained for the body nitrogen in 
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the feces per gram of dry matter ingested and the body nitrogen 
in the mine per kilogram of body weight are 0.043 grams and 0.526 
grams of nitrogen respectively. We have applied these average 
values in computing all our calculations for the biological values of 
the proteins. 

Table 3 reports the values for body nitrogen in the feces per 
gram of dry matter ingested and body nitrogen in the urine per 
kilogram of body weight obtained by other investigators as well as 
by us. 

Table 4 gives a summary of the metabolism experiments upon 
which the determinations of the biological values of the protein in 
the grasses are based. ‘‘Body Nitrogen Feces ’’ is obtained by multi- 
plying the weight of the total dry feed intake by the body nitrogen 
in feces per gram of dry matter ingested; while the “Body Nitrogen 
in Urine’’ is obtained by multiplying the average body weight of 
the animal in kilograms by the body nitrogen in urine per kilogram 
of body weight. The percentage of the total protein absorbed through 
the intestine and retained in the body is called the “Biological Value*’ 
of the protein. This value is computed from the following equation: 

Biological value = 

100 Food N^‘Total N in feces-Eody M in feces)-“(TotaI N in urine-Body N m urin 
Food N — (Total N in feees-Body N in feces) 

100 N retained 

Food N absorbed 

Ta])le 5 contains all the proximate analyses of the oflEered and 
refused portions of the rations used in the different experiments. 
These analyses are all reported on a dry basis. Protein throughout 
this work is understood to be the nitrogen value multiplied by the 
factor 6.25. 

Table 6 gives the proximate analyses of the feces eliminated 
during the different trials. These analyses are also given on a dry 
basis. 

The (coefficients of apparent digestibilty are given in table 7. 
By this coefficient we mean the percentage of the substances in the 
feed eaten that is absorbed in the intestinal tract. Coefficients of 
apparent digestibility of dry matter, fat, carbohydrate, ash and or- 
ganic matter have been calculated. These coefficients are computed 
with the following equation: 

Coefficient of apparent digestibility = 

100 Substance in the feed fed — Substance in the feces ebTni-ns^ted 
Substance in the feed fed 
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Table 8 gives tbe digestible nutrient in 100 pounds of feedstuff 
on the wet basis in addition to the nutritive ratio of each ration (5). 
The digestible fats, carbohydlrates and proteins are obtained by 
multiplying the total amount of each nutrient in 100 pounds of the 
feed by the apparent coefficient of digestibility for that nutrient, 
as given in table 7. 

The second term of the nutritive ratio is calculated by means of 
the following formula: 

The second term of the nutritive ratio — 

(Digestible fat X heat equivalent — 2.25) + Digestible carbohydrates 
Digestible crude protein 

A feed or ration having much crude protein in proportion to the 
carbohydrate and fat combined is said to have a narrow nutritive 
ratio. If the opposite is true it is said to have a wide nutritive ratio. 

Table 9 gives the proximate and ash analyses of the grasses in- 
vestigated, these determinations being reported on the wet basis, while 
table 10 contains the same data after having been calculated on tue 
dry basis. 

Table 11 is a summary of all the coefficients calculated from the 
data obtained in this investigation. 

The vitamin A activity determinations are recorded in table 12. 

Discussion 

The biological values of the grasses studied do not show great 
differences if we are to judge these from the results obtained and 
indicated in the tables. 

The proteins of all these grasses seem to be utilized by the lambs 
with the same efficiency. A significant low result was obtained in 
Trial No. 6 when elephant grass of the fii*st cutting, fertilized with 
nitrogen and phosphorus, was fed. The biological value computed 
for tliis grass is 69. In the other three trials performed with this 
grass, much higher results were obtained, viz., 81, 80 and 80 ; never- 
theless, these four samples of elephant grass recorded the lowest 
biological values obtained in all of the grasses investigated. Two 
rations of the grass fed to the animals had been fertilized with ni- 
trogen and phosphorus. All of them w'^ere from the first cuttings. 
On the other hand, the malojillo or Para grass has given the highest 
biological value, viz., 88, 97, 89 and 91. The first value corresponds 
to a grass from a first cutting fertilized with nitrogen only; the other 
three were grasses from the second cuttings, one fertilized with ni- 
trogen only and the other two with nitrogen and phosphorus. 
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The other four grasses investigated gave values which fall within 
the range of those obtained for elephant and Para grasses. 

The data obtained in these experiments seem to indicate that the 
biological value is not greatly influenced by the addition of phosphorus 
as fertilizer or by the cutting. We can conclude, on the basis of the 
results obtained, that the quality of the protein is inherent in the 
type of grass, since* very similar results were obtained for the same 
grass in first or second cuttings, and when fertilized with nitrogen 
or nitrogen and phosphorus. 

The trials in which Guatemala grass was fed yielded the highest 
values obtained for the average coefficients of apparent digestibility 
for the dry matter, the lowest values obtained corresponded to the 
Yaragua grass. In the case of the coefficients for crude protein, Para 
grass trials of first cutting grass recorded the highest value, while the 
three trials with Yaragua grass yielded the lowest results. The other 
three trials with Para grass of second cuttings were significantly low, 
running second to the Yaragua grass trial results. The results ob- 
tained with second cutting Para grass seem to indicate that the 
cuttings exert a significant influence upon the digestibility of the 
protein. It is interesting to note that all the samples of Yaragua 
grass tested were from second cuttings and that they contained the 
least digestible proteins of all the grasses studied. Whether this low 
index of digestibility is inherent to the grass or is due to the cutting 
cannot be stated with certainty, since only second cuttings of this 
grass were tested. This grass also recorded very low coefficients of 
apparent digestibility for ash. These low values may be due either 
to the fact that the mineral constituents are not as readily absorbed 
as in the case of the other grasses or to a lack of palatability of the 
Yaragua grass, which is the least palatable of aU the grasses investi- 
gated. Consequently, the animals consumed less of this grass during 
the ten-day experimental periods than the average weights eaten 
during similar trials with the other grasses. The total intake of 
mineral matter then was not enough to supply .the output. This 
second explanation seems to us to be the most plausible one. Pala- 
tability is unquestionably an important factor which also has to be 
considered, as it may greatly influence the nutritive indexes. It is 
quite apparent that the addition of phosphorus to the fertilizer does 
not seem to influence the apparent coefficients of digestibility to any 
great extent. 

The nutritive ratios show wide variations. Yaragua grass gives 
a very wide nutritive ratio, as is to be expected, for it has a low 
protein coefficient of apparent digestibility. As a matter of fact, 
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the nutritive ratio obtained in Trial No. 24 for this grass is extremely 
wide due to the very low digestibility of the protein. The values 
for the other two trials with this grass, although wide, are within 
reasonable limits. The nutritive ratio for com fodder shows the 
narrowest value of all. The other grasses give values a little wider 
than those obtained for fresh green roughage in the United States. 

Second cutting grasses recorded nutritive ratios which were always 
wider than those of the first cutting grasses. This is most probably 
due to the fact that the second cutting grasses yield, on a wet basis, 
lower percentages of protein than first cutting grasses. The fat and 
carbohydrate contents of second cutting grasses are higher than those 
for the first cutting grasses. 

The chemical analyses of the grasses show some interesting facts. 
The protein contents vary, when the analyses are calculated on the 
dry basis, from 9.50 per cent for corn fodder, first cutting fertilized 
with nitrogen and prosphorus, to 2.61 per cent for Yaragua grass, 
second cutting, fertilized with nitrogen only. All second cutting 
grasses show lower protein contents than first cutting grasses. The 
same is true of the fat The nitrogen-free extract, on the contrary, is 
always greater in second cutting than in first cutting grasses. Guinea 
grass shows a higher calcium content than the other grasses ; Guate- 
mala grass gives the lowest result. Yaragua grass shows the highest 
per cent of crude fiber. The pho^horus contents of these grasses 
seem to be quite constant. The addition of phosphorus to the ferti- 
lizer has not shown any appreciable effect on the phosphorus contents 
of the grasses. 

No conclusive results can be obtained from these series of experi- 
ments. We have considered only the two factors, fertilizer and 
cutting, in this discussion, but there is still a third which we have 
not touched on. This factor is the stage of maturity at which the 
grasses were cut and eaten by the experimental animals. As will be 
seen from the table of field conditions presented under the heading 
“Materials and Methods’’ at the beginning of this paper, some of the 
grasses sent to us were cut before the flowering stage and others, 
during the flowering stage. The stage of maturity at which the 
grasses are cut affects their nutritive values; therefore, this factor 
has to be studied separately, and will be, in further experiments. 

Summary 

1. Twenty metabolic experiments with grasses cut at different 
periods, between August 1936 and May 1937, are reported. 

2. The biological values were determined for these grasses; the 
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highest recorded values belonging to Para grass and the lowest values 
to elephant grass. 

3. The coefiSicients of apparent digestibility for Yaragua and ma- 
lojillo grasses of second cutting are quite low. 

4. All the grasses tend to give wide nutritive ratios, but Yaragua 
and malojillo, second cutting grasses, give exceptionally wide ones. 

5. Yaragua grasses show a higher fiber content than any of the 
other grasses investigated. 

6. Guinea grass yields, on analysis, significantly high values for 
calcium; Guatemala grass yielding the lowest values for this element 
in all the grasses studied. 

7. First cuttings of grasses usually yield higher percentages of 
protein than second cuttings. The same is true of the fat. The ni- 
trogen-free extract, on the contrary, is lower in first cutting than in 
second cutting grasses. 

8. The addition of phosphorus to the fertilizer does not seem to 
influence to any great extent the nutritive indexes of the grasses 
studied. 

9. The vitamin A activity of the leaves of the grasses has been 
determined. 
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Table i 

PER CENT NITROGEN IN PEED FED, REFUSE LEFT, FECES & URINE 
(Feed, bbvuse and feces analyses, pee cent on dbt basis.) 


(Ubine analyses, pee cent by voldhe.) 




Nitrogen 

in 

Nitrogen 
in Refuse 


Nitrogen 

Nitrogen 

Trial 

No. 

Ration 

Feed Fed 

Left 

ATiiTnn.T 

in Feces 

in Urine 


i 

% 


% 

% 





lA.... 

0 69 

0.14 

1 

Low protein diet Formula I.. 

0.17 


2A.... 

0.99 

0.18 



3A.... 

0.91 

0.20 





lA.... 

1.51 

0.24 

2 

Com fodder (N and F) first. 

1.52 

1.30 

2A.... 

1.47 

0.30 




3A.... 

1.38 

0.28 





IB.... 

0.84 

0.60 

St 

Low protein diet Formula I.. 

0.23 


2B . . . . 

0 92 

0.37 



3B.... 

1.05 

0.17 





lA.... 

1 06 

0.26 

4 

Elephant grass (N only) first. 

0.81 

0.34 

2A.... 

1.07 

0.34 




3A.... 

1.03 

0.23 

13 

Elephant grass (N only) first.. 

0.87 

0.40 

IB.... 

1.01 

0.18 





lA.... 

1.09 

0.28 

6 

Elephant grass (N and P) . . . 
first 

0.72 

0.37 

2A.... 

1.17 

0.43 




3A... 

1.07 

0.32 





IB.... 

1.14 

0.13 

11 

Elephant grass (N and P) . . . 

1.20 

0.52 

2B.... 

1.10 

0.13 


first 



3B.... 

1.08 

0.15 





IB.. . 

0.95 

0.35 

5 

Guinea grass (N only) 

0.94 

0.62 

2B.... 

0.92 

0 47 


first 


3B.... 

0.93 

0.42 





lA.... 

0.97 

0.23 

12 

Guinea grass (N only) 

0.87 

0.40 

2A.... 

1.08 

0.27 


first 

3A.... 

1.08 

0.30 





IB.... 

0.99 

0.35 

7 

Guinea grass (N and P) 

0.96 

0.73 

2B.... 

0.99 

0.36 


first 


3B.... 

0 96 

0.45 





lA.... 

1.01 

0.18 

14 

Guinea grass (N and P) 

0.83 

0.46 

2A.... 

1.02 

0.34 

first 



3A.... 

0.99 

0.25 





lA.... 

1.28 

0.21 

8 

Malojillo grass (N only) 

1.06 

0.52 

2A.... 

1.37 

0.29 


first cutting 



3A.... 

1.21 

0.24 





lA.... 

1.02 

0.48 

27 

Mcdojillo grass (N only) 

second cuttmg 

0.60 

0.38 

2A..,. 

3A.... 


0.52 

0.38 





lA.... 


0.19 

20 

Malojillo grass (N and P).... 

0.62 

0.30 

2A.... 

1.01 

0.40 

second cutting 



3A. . . . 

1.05 

0.37 

25 

Malojillo grass (N and P).... 
second cutting 

0.44 

0.34 

ID.... 

3D.... 

0.87 

0.95 

0.27 

0.51 





IB.... 

1.12 

0.22 


Guatemala grass (N only).... 

0.80 

0.54 

2B.... 

1.18 

0.19 


first cutting 



SB.... 

1.15 

0.16 





IE.... 

1.00 

0.19 

23 

Guatemala grass (N only).... 

0.69 

0.55 

2B.... 

1.05 



second cutting 



3E.... 

1.15 

0.22 





lA.... 

1.34 

0.19 

10 

Guatemala grass (N and P).. 

0.83 

0.43 

2A.,.. 

1.15 



first cutting 



3A.... 

1.24 

0.16 
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Table 1— Contiuued 

PER CENT NITROGEN IN FEED FED, REFUSE LEFT, FECES & URINE 
(Feed, beeuse aed feces analyses, fee cent on dbt basis.) 


(UEDTE analyses, PEB cent by VOLT7ME.) 


Tri^ 

No. 

Ration 

Nitrogen 

in 

Feed Fed 

% 

Nitrogen 

in 

Refuse 

Left 

$ 

A-niTnal 

Nitrogen 
in Feces 

% 

Nitrogen 
in Urine 

% 

22 

Guatemala grass (N and P).. 

0.74 

0.58 

ID.... 

1.14 

0.22 


second cutting 



3D.... 

1.12 

0.21 





lA.... 

1.29 

0.33 

24 

Yaragua grass (N only) 

0.42 

0.37 

2A.... 

0.95 

0.23 


second cutting 



3A.... 

0.97 

0.29 





lA.... 

0.98 

0.12 

17 

Yaragua grass (N and P) 

0.54 

0.32 

2A.... 

0.86 

0.21 


second cutting 



3A.... 

0.95 

0.21 





IE.... 

0.9S 

0.22 

26 

Yaragua grass (N and P) — 

0.49 

0.33 

2E.... 

1.10 

0.34 


second cutting 



3E.... 

1.16 

0.24 





lA.... 

0.62 

0.10 

15A,... 

Lo\c protein diet 

0.12 


2A.... 

0.90 

0.33 




3A.... 

0.91 

0.84 





lA.... 

0.92 

0.11 

30 

Low protein diet 

0.08 


2A.... 

0.82 

0.19 


Formula I 



3A.... 

0.80 

0.12 


Table 2 

MAINTENANCE REQUIREMENT OP LAMBS AVERAGING 17.84 EILOGEAMS IN 
WEIGHT, BODY NITROGEN IN FECES PER GRAM OP DRY MATTER INGESTED* 
AND BODY NITROGEN IN URINE PER 100 GRAMS OF BODY WEIGHT, BASED 
ON TEN-DAY TRIALS DURING WHICH NEARLY NITROGEN-FREE 


RATIONS WERE FED. 


Trial 

No. 

Animal 

No. 

Average 

Weight 

Rg> 

Dry 

Matter 

Ingested 

Nitrogen 

inFm 

nnnfiiTTn- 

Total 

Fecal 

Nitrogen 

Gm. 

Total 

Urinary 

Nitrogen 

Gm. 

Total 
Urinary 
& Fecal 
Nitrogen 

Fecal 
Nitrogen 
Per Gm. of 
Dry Matter 
Ingested 

Urinary 
Nitrogen 
Per 100 Gm.. 




Gm. 

ed% 

Wei^t 

L.... 

lrA...i 

18.35 

4245 

a 17 

13.80 

12.71 

26.51 

■pm 

0.694 


2-A...I 

22.30 

4225 

a 17 

18.15 

12.40 

30.55 


0.556 


3-A...I 

18.00 

3,660 

a 17 

15.48 

8.92 

2440 


a495 

15.... 

1-A... 

17.25 

3,640 

a 12 

1L30 

7.37 

18.67 


0.427 


2-A... 

15.85 

2,830 

ai2 

16.71 

6.35 

23.06 


0.40a 


3-A... 

15.25 

4686 

0.12 

6.70 

9.15 

15.85 


0.800 

pm 

l-A... 

20.48 

2,920 

0.08 

11.98 

9.90 

2L88 

aoo4i 

0.483 


2-A... 

22.70 

3,180 

0.08 

16.08 

3.62 

19.70 

0.0051 

0.159 


3-A... 

20.83 

2,800 

ao8 

10.15 

475 

1490 

0.0036 

0.22S 

3..... 

1-B... 

1L77 

4427 

0.23 

9.25 

9.76 

19.01 

0.0038 

9830 


2-B... 

16.55 

3,069 

0.23 

1422 

10.38 

2460 

0.0046 

0.626 


3-B... 

1478 

3,401 

1 

a23 

1465 

8.35 

2400 

a0046 

0.565 
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VALUES FOR BODY NITROGEN IN FECES PER GRAM OF DRY MATTER INGESTED 
AND BODY NITROGEN IN URINE PER KILOGRAM OF BODY WEIGHT AS OB- 
TAINED BY DIFFERENT INVESTIGATORS WHEN NEARLY 
NITROGEN-FREE RATIONS ARE FED TO LAMBS 



Sotola (2) performed two 
trials on each one of six 
lamb-^. Values given are 
average of the t\( o trials 
(Black face Iambs) 

Turk Moriison & Maynard 
(6). These investigators 
used animals and 
performed two trials on 
each animal. Values given 
are average of the two 
trials. ( y oung growing 
wether lambs) 

Miller, Morrison and May- 
nard (7) report the follow- 
ing values obtained in 14 
comparable experiments 
at the Cornell Station 
(Pure-bred and high-grade 
wether lambs of excellent 
mutton type used) 

The results obtained at 
the School of Tropical 
Medfcine using six animals 
are given. Three trials 
were run on three of these 
animals and only one trial 
on the utlier three. The 
three trials in group A 
were run with a lapse of 
about five months between 
each trial; tlie average 
^ue obtained fbr the three 
triids is given. For animals 
of group B, the values 
obtained firom the only trial 
run is given 

(Wild Puerto Rican Iambs 
ranging from six to eigh- 
teen months of age) 


Body 

Nitrogen in 
Feces 

Per Gram of 
Dry Matter 
Ingested 


Average Body 
Nitrogen in 
Feces 

Per Gram of 
Dry Matter 
Ingested 


Body Average Body 
Nitrogen in Nitrc^en in 

Urine Urine 

Per Kilogram Per Kilogram 
of Body of Body 

Weight Weight 
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rial 14 1-A. 23.50 23.70 23 00 27,261 8,180 83.30 40 35.35 2 05 1 81.25 21 35 12 50 8. 85 72.40 

Ouinea grass. 2-A. 23.00 23.30 23.45 27,080 8,300 84 28 60 30 05 4 55 | 70 73 21 fU) 12 30 0 30 70.43 

IN and T) 3-A. 20 00 20 00 20 06 24,701 7,430 70 00 00 32 0(» 1 00 75 00 17 55 10.57 0 08 08.92 
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Malcjillo grass (fert. N and P) second cutting...... 3.HS 1.88 



ill 
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Table 6 

PROXIMATE ANALYSES OF THE FECES, REPORTED ON DRY BASIS, AVERAGE 
COMPOSITE SAMPLE OF TEN-DAY METABOLISM EXPERIMENTS 


Trial 

No. 

ADimal 

No. 

Ration 

Grade 
Protein 
(NX6.25) 
1 5. 

Fat 

Crude 

Fiber 

% 

Nitrogen- 

free 

Extract 

% 

Ash 

i 

1 

Il-A 


4.30 






f 2 t ■ 


6.18 






3-V. 


5.68 





*> i 

' 1-A .. 

Corn fodder (fert. N and P) 






1 


Arts cutting 

9.44 

2.53 

23.55 

52.78 

11.70 

1 

' 2-A... 

Com fodder (fert. N and P) 








first cutting 

9.19 

2.31 

24.34 

53.35 

10.81 


* 3-A 

Com fodder (fert. N and P) 








first cutting 

8.60 

2.69 

24.45 

51 68 

12 58 

3 j 

1-B .. 

Low protein diet form I 

5.25 






2-B 

Low protein diet form I 

5.75 






3-B 

Low protMTi dipt, form I 

6.53 





4 

' ' 

1-A... 

Elephant grass (fert. N only) 




i 

1 




first cutting 

6.67 

3.06 

24.80 

i 50 02 

15. 13 


' 3-A. 

Elephant grass (fert. N only) 




1 




first cutting 

6.67 

3.04 

27.55 

46.93 

15.S1 


»-A., 

Elephant grass (fert. N only) 




! 




first cutting 

6.44 

3.06 

30.00 


14.20 

13 .. . 

, 1-B. . 

Elephant grass (fert. N only) 







1 

first cutting 

6.30 

2.79 

29.90 

45.11 

15 90 

ft 

1-A... 

Elephant grass (fert. N and P) 








first cutting 

6. SI 

3.23 

31.37 

42.86 

16 73 


2-A... 

Elephant grass (fert. N and P) 








first cutting 

7.30 

3.37 

26.36 


15 38 


3-A... 

Elephant grass (fert. N and P) 








first cutting 

6.68 

3.18 

29.90 

46.17 

14 07 

11 

1-B. . 

Elephant grass (first N and P) 








first cutting 

7.14 

2.62 

29.10 

45.34 

15 SO 


1 2-B... 

Elephant grass (fert. N and P) 








first cutting 

7.45 

3.04 

30.50 

43 20 

13 81 


j 3-B... 

Elephant grass (fert. N and P) 








first cutting 

6.76 

2.76 

31 51 

43 28 

16.70 

ft 

1-B... 

Guinea grass (fert. N only) 








first cutting 

5.94 

2.48 

32.14 

43 63 

15 81 


2-B... 

Guinea grass (fert. N only) 








first cutting 

6.75 

2.39 

32 28 

43.78 

16.80 


3-B... 

Guinea grass (fert. N only) 








first cutting 

5.81 

2.26 

32 97 

42 31 

16.65 

12 ... 

1-A... 

Guinea gross (fert. N only) 








first cutting I 

6.06 

3.04 

31.05 


19.70 


3-A... 

Guinea grass (fert. N only) 








first cutting 

6.76 

2.89 

29.04 

39.92 

21.40 


3-A... 

Guinea grass (fert. N only) 








{ first cutting 

6 75 

2.74 

26.09 

43 42 

21.00 

ft » 

1-B... 

Guinea grass (fert. N and P) 


1 






first cutting 

6.19 

2.94 

32.86 

42.10 

13.91 


2-B... 

Guinea grass (-fert. N and P) 








first cutting 

6.19 

2.81 

33.13 

41.40 

16 45 


3-B... 

Guinea grass (fert. N and P) 








first cutting 1 

6.00 

2.03 

30 40 

43 47 

17.2<I 

14 

1-A... 

Guinea grass (fert. N and P) 








first cutting 

6.30 

2.56 

28.47 

41.29 

21.38 


2-A... 

Guinea grass (fert. N and P) | 








first cutting ' 

6.37 

2.34 

28.55 

40.33 

' 22.41 


3-A... 

Guinea grass (fert. N and P) > 








first cutting 

6.19 

2.36 

27.20 

43.45 

21 80 

t 

1-A... 

Malojillo grass (fert. N only) 







first cutting ' 

8.00 

3.57 

28.35 

44.48 

15.60 


2-A... 

Malojillo grass (fert. N only) 








first cutting 

8.55 

3.55 

22.50 

47.90 

17.60 


3-A... 

Malojillo grass (fert. N only) 








first cutting 

7.56 

3.10 

26.70 

48.21 

14.40 
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Table 6-~Oon1j]iaed 


PROXIMATE ANALYSES OF THE FECES, REPORTED ON DRY BASIS, AVERAGE 
COMPOSITE SAMPLE OF TEN-DAY METABOLISM EXPERIMENTS 


Trial 

No. 

Animal 

No. 

Ration { 

Crude 

Protein 

:Nx6.25) 

% 

Fat 

% 

Crude 

Fiber 

% 

Nitrogen- 

free 

Extract 

i 

Ash 

27 

1-A... 

Malojillo grass (fert. N only) 








second cutting 

6.38 

1.69 

33.50 

48.13 



2-A .. 

Malojillo grass (fert. N only) 








second cutting 

5.56 

1.89 

31.85 

50.08 

10.62 


3-A... 

Malojillo grass (fert. N only) \ 








second cutting j 

5.06 

1.72 

33.85 

48.47 


20 .. 

1-A... 

Malojillo grass (fert. N and P) } 








second cutting 1 

6.25 

1.92 

30.66 

46.57 



2-A . 

Malojillo grass (fert. N and P) > 








second cutting j 

6.31 

1.22 

32.70 

46.27 

1A50 


3-A... 

Alalojillo grass (fert. N and P) i 








second cutting 

6.56 

1.36 

30.10 

47.13 

14.85 

2S . . 

1-D.. 

MalcjlUo grsss (fert. NandP) 

1 

1 







scccnd cutting 

5.45! 

1.90 

35.35 

43.80 

1A50 


3-D... 

Malcjillo gif ss (fert. N and P) 








fcccrd cutting i 

A94 

1.82 

35.30 

44.94 

12l90 

§. . 

1-B... 

Guatcnrala grass (fert. N only) 








f-rst cutting 

7.00 

2.46 

31.35 

47.24 

11.95 



Gu&fcntia grfss (fert. N only) 








frst cutting 

7.37 

2.28 

32.08 

45.58 1 

12L76 


3-B... 

Grateirala grass (fert. N only) 




1 




fist cUtii g 1 

7.19 

2.31 

30.23 

47.87 i 

1 

12.40 

2C 

1-E... 

Gictcnila grrss (fcit. N cnly) | 

1 




tecend cutting i 

6.25 

2.07 

30.12 


1A60 


2-E... 

, Guatcnala glass (fert. N only) - 

1 







1 secerd cutting 1 

{ 6. £6 

2.24 

31.21 




3-E... 

Guatcnala glass (fert. N orl3> 1 








second cutting i 

k 7.20 

2.30 

30.05 

45.20 

m25 

]« 

1-A .. 

Cnttcn f la gress (fcit. N and P) i 

1 







f rst cutting 

8.38 

2.49 

32.30 

43.53 

1A30 


2-A... 

Gtatcnrala grsss (fert. N and P) 








frst cutting 1 

7.19 

2.34 

30.95 

45.92 

13.60 


3-A... 

Guafen da grrss (fert. N and P) 








frst cutting i 

7.75 

2.35 

31.81 

45. C9 

lAOO 

22 

1-D... 

Gnatcn da gxess (fert. N and P) i 








5ec( Id cutting i 

7.13 

2.19 

30.45 

45.63 

14.60 


3-D. . 

Gi aten ala grsts (feit. N and P) i 








scccnd cutting 1 

7. CO 

2.32 

29.35 

46.13 

1A20 

24 . .. 

1-A... 

Ycifgra ficss (feit. N cnly) 







scccid cLitiig i 

8.05 

2.99 

28.73 

44. rs 

1AA5 


2-A... 

Ycirgia prffs (fcit. N cnly) 








scerrd cutliig 1 

5.94 

2.88 

30.60 

if-. IS 

14.40 


3-A... 

YriipLa prrfs ifcit N cnly) 








scccnd cutting 

6.05 

3.22 

30.90 

4 A 33 

14.50 

17 . 

lA.... 

Yarrgra prfss (fcit. N ard P). i 








second cuttiig 1 

6.13 

2.56 

29.20 

4 A SI 

1A30 


2-A... 

Yerrpua grass (feit. Nand P) 








second cutting ; 

5,37 

2.19 

31.45 

46.29 

1A70 


3-A... 

Yiiepua grass (fcit. N and P) 








secend cuttii g 

5.94 

2.98 

29. C9 

45. S9 

lA 10 

2tf .. . 

1-E .. 

Ycifgua grass ffeit. N end P) 








secend cuttirg 

6.13 

3.93 

30.50 

44.64 

14.80 


2-E... 

Ytregua grrss (feit. N and P) 








scccnd cuttirg 

6.87 

3.92 

31.00 

44.81 

1A40 


3-E... 

Yarepua grass (fcit. N and P) 








secend cutting 

7.25 

4.10 

29.25 

4A19 

14.21 

IS-A. .. 

1-A... 

Lew gretein diet form I........ 

3.88 





2-a! !. 

T rfW J fritn T 

5.62 






3-a! !! 

T r.w J Tfif ofn ff TTn T 

5.87 





30.. .. 

1-A . , . 

Lew jrotein diet form IT 

5.75 





2-a" 

I-ow J rrtein tt 

5.11 






3-a;.’! 

Lew iretein diet form 11 

4.97 
















TaBJUB 7 

COBmCIENTS OF APPARENT DIGESTIBILITY 



Guinea grass (N only) first cutting in flower. 






































































Guinea grass (N and P) flrsl cutting in dower 











































































































T \Bi.K T—C *oiitlniiO( I 

rOEmCIKNTH OF APPARENT OICJEW'J’JBTT.rrV 



Average 
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Table 8 


WGBSTIBLE NUTRIENTS IN 100 LBS. OF PUERTO RICAN FEEDING STUFFS AS CUT 





Digestible Nutrients 


Feeding stuff 

Total 

dry 

matter 

Crude 

Protein 

Fat 

Carbo- 

hydrates 

Total 
(inc. fat 
X 2.25) 

Nutrilive 

ratio 

1 Com fodder (fert. N and P) first 
cutting 

23.79 

1.51 

0.81 

11. 71 

13.60 

1.-9.0 

4 Elrahant grass ffert. N only) 
first cutting 

27.68 

0.90 


13.06 

14.75 

1:16 4 

13 Elephant grass (fert. N only) 

first cutting 

24.60 

0.85 

0.39 

12.64 

13.53 

1:16.0 

$ Elephant grass (fert. N and F) 
first cutting 

30.08 

0.63 

0.52 

13.05 

14.22 

1.22.5 

11 Elephant grass (fert. K and P) 
first cutting 

19.23 

0.90 

0.39 

8.70 

9.58 

1:10.6 

g Guinea grass (fert. N only) first 
cutting 

29.44 

1.05 

0.54 

12.20 

13.42 

1:12.8 

12 Guinea grass (fert. N only) first 
cutting 

29.84 

0.91 

0.29 

14.00 

14. (i6 

1:16.1 

7 Guinea grass (fert. N and P) 
first cutting 

29.64 

1.08 

0.40 

IB. 81 

11.71 

1:13.6 

14 Guinea grass (fert. N and P) 

first cutting 

30.00 

0.84 

0.48 

14.05 

15.13 

1:18.0 

8 Malojfllo grass (fert. N only) 

first cutting 

2(i.l8 

1. 15 

0.40 

13.70 

14.60 

1.12.7 

ar Malujillo grass (fert. N only) 

second cutting 

37.90 

0.50 

0.46 

22.33 

23.37 

1:16.7 

20 Malojillo grass (fert. N and F) 
second cutting 

29.10 

0.44 

0.39 

12.27 

13.15 

1:3a 0 

2S Malojillo gross (fert. N and P) 
second cutting 

34.00 

0.21 

0.33 

17.57 

18.29 

1:87.0 

9 Guatemsda grass (fert. N onUO 
first cutting 

27.00 

a 81 

0.64 

15.20 

16.64 

1:20.6 

28 Guatemalu grass (fert. N only) 
second cutting 

30.50 

0.70 


[ 

16.40 

17.68 

1:25.3 

19 Guatemala grass (fert. N and P) 
first cutting 

24.60 

0.72 

a53 

13.42 

14.62 

1:20.4 

22 Guatemala grass (fort. N and P) 
second cutting 

30.40 

0.81 

0.62 

17.30 

18.70 

1:23.1 

24 Yaiagua grass (fert. N only) 

second cutting 

36.30 

ao5 

0.29 

17.08 

17.74 

1:35.4 

17 Yart^ua grass (fert. N and P) 

second cutting 

3L00 

0.28 

0.44 

14.13 

15.12 

1*54.0 

28 Yaragua grass (fert. N and F) 

second cutting 

34.80 

0.23 

0.40 

14.30 

15.20 

1*66.2 


Note: '^N and P” stands for nitrogen and phosphorus in the fertilizer. 
“N” stands for nitrogen only in the fertilizer. 
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Malojillo or Para gnisj, fert X only 2nd tutting .May H, 1937 03 12 os tw b7 10 oS 97 40 7 i 205 

TjuaL No. 30* March 15 to 

Malojillo or Para grass fert N & P 2nd cutting March 25, 1937 60 39 fis 49 55 27 52 39 30.0 1.80 

Tbiai No. 25: April 17 to 

Malojillo or Para grass fert. N & P 2nd. cutting April 27, 1937. 32 17 54 40 01 lo 51 91 87.0 1.70 
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A COMPARISON OF METHODS OF DETERMININa CARBON 

m SOILS 

Caelos Esteva Jr.^ 


Introduction 

For the determination of organic carbon in soils Tarions methods 
have been proposed and they may be classified as foUowovrs: 

3. Dry combustion: 

(а) Furnace eombution. 

(б) Bomb eombution or Parr’s method. An oxidation 

with sodium peroxide in which sodium carbonate 
is formed.’ 

2. AVet combustion: In which the material to be analyzed is 
treated with a mixture of chromic and sulfuric acids. 
Various modifications of this method have been proposed- 

It has been shown experimentally that the dry combustion meth- 
ods give higher results than the wet eombution, but the former have 
certain disadvantages which may be summarized in the following 
way. The dry combustion methods require a rather complicated and 
expensive equipment and it is somewhat more diflSieult to manipulate. 
In some eases (especially in the furnace dry combustion) the deter- 
mination is very long and tedious. The wet oxidation methods are 
adaptable for the estimation of carbon, both in solutions and in dry 
substances, while the dry combustion methods are only adaptable for 
the estimation of carbon in dry substances. 

Naturally, the aim of many investigators had been to obtain a 
wet ovidation method, capable of determining the total carbon in 
amounis that would compare with the dry combustion methods. 

"White and Holben (14) claim that they have found the ideal 
method; a wet oxidation process which is capable of determining 
amounts of carbon identical with those obtained by the dry combus- 
tion methods. 

Tins work was undertaken with the purpose of comparing the 
relative eiiiciency of the chromic acid method as given by White and 
Holben (14) and the ofiScial method as given by the Official and 
Tentative llethods of Analysis of the Association of Agricultural 
Chemists (7), with the Parr’s dry combustion process. 

^The \\riter -wisbes to express bis obligaUon to Dr. J. A. Bizzell under whose direction 
and help this work was undertaken. 


m 
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Review of Literature 

In 1848 Rogers and Rogers (9j devised a wet oxidation method 
for the determination of carbon in native and artificial graphites. 
The oxidizing agent employed in this process was a mixture of 
bichromate of potassium and sulfuric acid, which the authors claimed, 
that when applied to graphite, under the conditions given, converted 
the carbon rapidly and completely into carbon dioxide. The process 
was gravimetric. 

Ill 1880 Warington and Peake vl2) furnished data which led to 
the conclusion that oxidation of carbon in soils by means of a mixture 
of chromic and sulfuric acids gave results lower than those obtained 
by the furnace combustion in a enrrent of oxygen. The mode of 
procedure uas quite similar to that recommended bj" B. "Wolff in 
his ‘"Anleitung zur Cheinischen I'^ntersuchung Laiulwirthschaftlich 
Wiclitiger Stoffe”. Tlie materials ivere kept beloiv their boiling 
poini by heating in a water ]*ath. They stated, however, that the 
complete destruction of the humic material in the .soil does not neces- 
sarily imply that the carbon has been entirely converted to carbon 
dioxide. They used a gravimetric method. The oxidation with the 
permanganate method, as used by the authoi‘s indicated higher result 
than inth chromie acid; but even the pennanganate method failed 
to convert the whole of the carbon to carbon dioxide, the product 
with the pennanganate being, on an average of 4 soils, 92.4 per (*ent 
of that yielded by the combustion in oxygen. 

In 1904 Cameron and Breazeale (4) confirmed the ideas of War- 
ington and Pttake (12) by stating that the oxidation of carbon in soils 
by the mixture of chromic and sulfuric acids gave results lower than 
those obtained by the furnace coml)ustioii. But they concluded that 
the combustion of a soil by the wet method with chromic acid mixture, 
as described in their paper, Tvould give a more accurate id(*a of the 
organic matter in the soil, than the furnace combustion method. Be- 
side the method w^as more rapid. 

n this same year Parr (8) published his new method of determin- 
ing carbon. The combustion of the organic material is affected by 
means of sodium peroxide, the charge being contained in a closed 
bomb or cartridge surrounded by water. lie claims that the method 
is much more accurate than the various forms of alkalimeters, which 
were tried for comparison, and that its ease of manipulation renders 
it preferable to the absorption method, especially for technical work. 

Hall and Miller (6) in 1906 reexamined the chromie acid method 
and concluded that the error was due to incomplete oxidation, other 
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substaiK^es than carbon dioxide being prodiicocl. They found that 
by passing llie producis of coinbiislioii over healed copper oxide all 
ihe carbon would be obtained as carbon dioxide. 

Aines and ({either (1) in 1914 concluded that if boiled for 30 
minutes a mixture of 3.3 grams chromic acid in 10 ec. water to 50 cc. 
of suH'urie acid (sp. gr. 1.H4) will oxidize all the organic carbon and 
lil crate carbon dioxide cluMuically or mechani(*any held in soils, pro- 
^id d the soil is ground to pass thru a 00 me.sli sieve. One to three 
arams of soil were us<‘d for each (>() cc. of niixture. They made no 
att(nn])1 to prevent the acid fumes passing into the carbon dioxide 
ab^orption lo^\er. They used a wet combustion volumetric method. 

Schollen])erger (10) in 1916 siiggtssted certain improvements in 
the iiudhod (i(^>.crih(‘(l by Ames and (Jaitlun* (1). The change^ referred 
to, eonsist of the use of a mixture of phosphoric and sulfuric acids, 
inst<‘ad of sulfuric acid alone, with chromic anhydride as the oxidizing 
agent. AKo the substitution of hariiim liydroxide for .sodium hy- 
droxide as the alkaline ahsorhent for (*arbon dioxide. He also sug- 
gested the replacsnmuit of ihe modified t^amp absorption by tlie Meyer 
ahsorp^inji apparatus or Truog’s bead tower, logollier with changes 
in procedure made uec(‘S-.ary by the changes in the reagents tnnployed. 
Tli(‘ partial substitnnon of phosphorie For sulfuric aend reduces to a 
negligible (piantily the fuming noticed whem sulfuric acid is used 
alone. Phosphoric acid alone gave invariably lo%ver results. 

({ortner (5) in 1916 k(^pt the digestion mixture below the boiling 
point for 2.5 hours and passed tlie products of combustion thru a 
heated combustion lube. 

Finally in 1925 White and Ilolben (14) published their new 
metlnxl (uitilled, “rerfection of Chromic Acid Method for Determin- 
ing Organic (^irboiP’. The authors elaim that their method has 
the following advantage's. (1) The sulfur-trioxide absorption tube, 
ns<sl for the first time in lliis study gtvatly simplifies the usual 
analytical proe(‘dure. (2) Kliminates the use of a combustion lube. 
(3) Th(' i)ro])Osed nudliod has the advantage over the dry combus- 
tion method in that it eliminates the possibility of leaving behind 
the rc'sidue of nndocoinposed carbonates. (4) It may be used for 
the estimation of carbon both in solution and in dry substances. 
(6) The use of the jmoposed sulfur tri oxide absorption tube elimi- 
nates the necessity of secondary combustion. (7) The results com- 
pare with tile furnace comustion with CuO and with th bomb com- 
bustion. 
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Experimental 

The plan of the investigation included the analysis of 25 soil 
samples, of high and low carbon content, representative of the type 
found in the State of New York. The analysis included deter- 
minations of organic carbon by the OflSieial Wet Oxidation Method 
and the chromic acid method of White and Holben (14). The re- 
sults were compared with those obtained by Waterman (13) follow- 
ing the Parr combustion procedure. 

Soils Used : The samples were taken by the Department of Agron- 
omy (Cornel University) some years ago, and accurate records were 
taken of the location so that at any future time duplicate samples 
might be taken at exactly the same place. 

Preparation of Sample: In general, soil samples were taken at 
a depth of eight inches by the method described in the OfScial and 
Tentative Methods of Analysis of the Association of OflScial Agri- 
cultural Chemists (7) .Wlien received in the laboratory the samples 
were spread out and allowed to air-dr^’'. The original air-dry sam- 
ples were thoroughly mixed and a subsample taken for analysis. The 
subsamples were rubbed in a porcelain mortar, using a rubber tipped 
pestle, and then passed thru a sieve having circular perforation 1 mm. 
in diameter. The material not passing the sieve was discarded. The 
sifted Rubsamples were then ground in an agate mortar until they 
passed entirely thru a sieve having 100 meshes to the linear inch. 

Organic Carbon: Was determined by analyzing for total carbon 
and then substracting the inorganic carbon obtained. 

Description op Methods 

I. The Official Wet Oxidation Method. 

Detailed Procedure: With slight changes the procedure listed 
in page 25 of the Official Methods (7) was followed. 

Having the apparatus set as in Figures 1 and the solutions pre- 
pared as given in the Official Methods (7) the order of procedure 
was as follows: 

Two grams of the 100 mesh soil were placed in the evolution flash 
(Fig. 1). The apparatus was freed of atmospheric carbon dioxide 
by suction and then 30 ce. of 0.5 N NaOH were introduced into the 
absorption tower. Gentle suction was applied and 10 cc. of the 
oxidizing solution were run into the evolution flask. Twenty-five cc. 
of the acid mixture were then added, the contents gently agitated 
and a low flame placed under the flask. The heating was continued 
for 30 minutes after the mixture began to boil. 
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The Slid ion was released at the end of the agitation and aspira- 
tion and the absorbent was washed into a 500 cc. volumetric flask. 
By the addition of 10 ee. of a neutral aqueous solution of barium 
chloride (250 grams of BaCl 2 . 2 H 2 O per liter) the sodium carbonate 
in the volumetric flask was precipitated. Then it was diluted to 
volume and the precipitate of barium carbonate was allowed to settle. 
A 200 ce. aliquot was pipeted and the residual hydroxide was titrated 
against 0.5 N hydrochloric acid, using phenolphthalein indicator. 

The difference between the residual hydroxide in terms of 0.5 N 
alkali and the 0.5 N sodium hydroxide originally used is equivalent 
to the carbon dioxide formed by oxidation of the organic carbon 
plus the inorganic carbon dioxide present in the sample. 

For the determination of inorganic carbon the procedure as de- 
scribed above was followed using the fololwing modifications: (1) 
10 grams of soil were used, (2) oxidizing solution was omitted, (3) 
60 cc. HCl (1 : 9) were substituted for the acid solution. (4) The 
flask was agitated but not heated. 

When the apparatus is set as described previously, that is: using 
2 grams of soil and 30 ce. of 0.5 N sodium hydroxide in the al)«orp- 
tion tower, it cannot determine soils which are higher than 4.498 
per cent of total carbon. Soil which are higher in total carbon than 
the above mentioned figure need that only one gram sample sliould 
be used or else use 45 cc. of 0.5 N sodium hydroxide in the absorption 
tower. 

Suction troubles and leakages in the rubber tubing were the princi- 
pal troubles which I encountered in dealing with this apparatus. The 
suction must be slow and uniform otherwise the gas liberated in the 
reaction would pass thru the absorption tower with imperfect absorp- 
tion of the gas. This may be incidental to loss of carbon dioxide and 
the spoilmg of the determination. The suction should be arranged 
so that bubbling thru the absorption tower should be as constant as 
possible. About 30 to 50 bubbles per minute arc sufficient. 

When emptying the contents of the absorption tower into tlie 
500 cc. volumetric the tower was washed 3 or 4 times with pure 
distilled water. After completing to volume the tower was draiue<l 
thoroughly. 

A strong flame while boiling was very undesirable as it forced 
the acid fumes in the evolution flask to pass uneondensed to the 
absorption tower. 

The painting of rubber connections with white shellac (Devoe and 
Reynolds Co., Inc., N. Y.) was found to be very desirable. 
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Thick I’ubber eounoctions were more eificient because they lasted 
longer in good working order than the thin-walled rubber connections. 

Another precaution that nas followed was to avoid the use of 
grease in the glass eonneetions of the Knorr carbon dioxide apparatus. 

Notwitlistandmg the many precautions taken to obtain the 0.5 N 
sodium hydroxide absolutely free of COa, it was found to be ab- 
solutely impossible. The presence of carbon dioxide was noticed 
when barium chloride was added to the alkali, in which case a very 
faint white precipitate was noticed. Li order to see the effect of 
the OOa on the titration of the absorbent solution the following test 
was iierfonned. 

The !10 ce. of 0.5 N NaOII, (juantity wliieh was used for absorbing 
the (iOa in the Official Method apparatus, w'ere placed in the absorp- 
tion tower. Tlieu drained, completed to volume in the volumetric 
flask and finally aluiuots wei*e taken and titrated against 0.5 N HCl. 

llesults obtained : 


A li<piot 
No. 1—20(1 c('. 

too ce. 
No. 2—200 ce. 


Tvtratton, wt th OJ N. UCt 
12. ce. 

5.95 cc. 

12.05 ec. 


We might conclude then that the effect of the carbon dioxide dis- 
solved in the alkali vas negligible as far as the accuracy of the 
method is eoucerned. 


II. Method of White and Ilolhen (14). 

The procedure as described hy White and Ilolben (14) was fol- 
lowed as carefully iis possible. The apparatus is shown in P^. 2. 

Two grams of soil were placed in the generating flask, M. Tubes 
P and I were connected hy means of a glass t ube and air was pulled 
through for several minules Valve () was closed and the aspirating 
continued for a short time to test the apparatus and at the same time 
to create a ])artial vacuum at M. P and 1 were closed and the 
weighed tubes (1 and 11 were attached. K is detached from L and 4 
grains chronic acid ((’rOj) dissolved in 10 cc. water were placed in 
the bulb Ij. K was eoneeted to L and the solution run into flask M. 
Pifly cc. II 2 SO 4 (sp. gr. 1.83 — 1.84) were then run into M in a 
similar manner leaving open valve C. Air was then pulled again 
thni the apparatus and the solution brought to boil. The solution 
was then boiled for 30 minutes during whi( 5 h time air was pulled 
through at the usual rate. Then tubes G and H. were removed, 
wiped, and weight after an interval of 15 minutes. 
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■Weighing of llie soda-lime and acid-drying tubes required certain 
preeautions. It was necessary to wipe the tubes and weigh them 
after 15 minutes in order to get equilibrium of the electrical effect 
created by the wiping. Tubes (i and II were weighed against a com- 
mon counterpoise tube of tlie same s’ze made up to weight with 3 
grams of the soda lime and acid-pumice tubes. Just before weighing 
eaeli tube the valves were opened for an instant to equalize the 
inside and outside atmospheric pressures. Certain modifications of 
this method were tried. One of them was the substitution of ascarite 
absorbent for the sod{u-lime carbon dioxide colelcting tube. The other 
was the substitution of the Allihn gas-washing bottle containing 1 ; 1 
potassium hydroxide for ascarite in an ascarite bottle. 

The results may be summarized as follows: 

No. 1 — ^rising ascarite as gas absorbent + ascarite air purifier. 

Soil No. % Organic Carbon 

llA 1.4075 

llA 1. 3775 

No. 2 — Using soda-lime as absorbent -f KOII air purifier. 

Sou No. % Organic Carbon 

llA 1.3498 

No. .‘1 — ^With ascarite as CO* absorbent -f- KOH air purifier. 

Soil No. % Organic Carbon 

3A 2.9150 

No. 4 — ^With apparatus as designed by the authors. 

Sou No. % Organic Carbon 

3A 2. 9161 

From these figures we might conclude that ascarite is as good an 
absorbent as soda-lime and that it can be freely substituted for the 
soda-lime in this determination. Also a nasoarite bottle is as ef- 
ficient a purifier of the air as is the Allihn gas-washing bottle con- 
taining 1 : 1 potassium hydroxide. 

After the preliminary tests the experiments were carried out in 
exactly the same way as described by the authors. A dight varia- 
tion was made in the suctioning process in which suction from a 
faucet was used instead of the ai^irator used by the authors. But it 
is supposed that this change did not affect the results of the experi- 
ments. 

This gravimetric method as given by 'White and Holben (14) has 
certain sources of error which can only be overcome by a very oara- 
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ful tecliinqiie. In fact any gravimetric process for the determina- 
tion of carbon has decided disadvantages attending to the use of 
the alisorption tubes. Some of the sources of error which may alter 
the results of this gravimetric process and which may be incident to* 
loss of time are: 

(Ij It requires very elaborate precautions to prevent changes of 
weight of the tube due to gain or loss of moisture, necessitating com- 
plications in the purifying train and the use throughout the a]>- 
paratus of drying agent of the same hygroscopic power. 

(2) Difficulties in weighing large glass vessels caused by electrical 
effects in wiping, by buoyancy, and by changes in temperature be- 
tween the balance room and laboratory. 

(3) The liability to error from access of gases containing sulfur 
and chlorine, which may be formed during combustion of the metal 
or of the carbonaceous residue therefrom. The difSculty had been 
avoided in the chromic acid method by the use of an U tube fitted 
with glass beads and a saturated solution of silver sulfate in 5 per 
cent sulfuric acid. 

(4j The difficulty of determining whether the increase in weight 
of the tube is due solely to the carbon dioxide. 

(5) The time lost in waiting for the absorption tubes to reach 
equilibrium before weighing. 

If the complicated purifying train gets out of order or if the tube 
itself introduces errors in some way, it may often be diflScult to 
locate and correct the trouble. In actual practice with this method 
this last experience unfortunately occurred and it was after much 
working that the source of error was located in one of the II tuboa 
whose stopper was not air tight and was thus leaking. 

III. Parr’s Dry Combustion Metliod. 

The following description ot the method is taken from Water- 
man’s (3) thesis. 

1. Place 1 gram soil, 5 gm. Na202, .75 gms. magnesium powder 
in the bomb, close, screw tight and explode by holding in a ga« 
flame. Cool under tap 

2. Iluscrew cap and wash charge into the 150 cc. flask, using 
boiling water in wash bottle. Boil the solution to remove excess 
<>xygen and to fill the flask with water vapor, 

3. While boiling the solution, raise the levelling tube till the 
burette is filled with mercury. Then shut stopcock. Close stop- 
cock into acid funnel. 
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3RIG. 3 PARR'S DRY COUEDSTION APPARATUS 
Used by Stirling Watenaan 
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4. Place the 150 cc. flask in place and gradually open the cock 
connecting the condenser with the burette. (Caution). If opened 
too quieldy solution will boil up and pass over into burette. 

5. Place 50 ec. 1 : 1 H2SO4 in acid funnel and allow to run slowly 
into flask. 

6. When aU H2SO4 is run in, close stopcock and boil solution 
for ten minutes controlling heat so that water will not pass into the 
burette. 

7. Pill acid funnel with cold, recently boiled, CO2 free, water. 
AUou it to run into flask until the water rises to the first stop- 
cock. Then shut it off and connect with mercury funnel. By rais- 
ing it, fill the tube right to the burette with mercury. All the gas 
is now in the burette. 

8. Close the stopcock at the top of the burette, lower levelling 
tube to a convenient level and draw in air through the pipette. Then 
close the stopcock, raise levelling tube until both columns are level 
and read. The level of the KOBE in the pipette should be noted. 

9. Then open cock, pass gas up to 100 ee. mark into the pipette, 
close cock and shake to absorb the CO2. Return the unabsorbed gas 
to the burette so that level of KOH is the same as in 8. Close 
stopcock, level the mercury and read. Difference is CO2. 

10. Again lower levelling tube as before, allow air to enter and 
repeat the operation. The CO2 envolved by one gram generally 
requires two to five such operations — more from two grams. 

11. Note temperature of gas, and barometric pressure and cal- 
culate the volume of CO2 present at 0°C and 760 mm. pressure. 
Then calculate the per cent total carbon. 

12. The carbonate CO2 is measured in the same way, adding 10 
gms- of soil to 50 cc. water in the flask and boiling before placing 
on the apparatus. The rest of the operation is the same as above 
described. 

A comparison of the Official Method and the Parr dry combus- 
tion shows the fact 14 out of 24 samples agreed within a difference 
of 0.2 per cent, the majority of them much more closely, and the 
differences being in either direction. The agreement is fairly good 
when we consider that the analyses were made by different indi- 
viduals, using different methods. Furthermore, the samples that do 
not agree within a.0.2 per cent difference are pretty close to it, with 
the possible exception of soil 3A. The analysis of this sample by the 
Parr method shows a very low figure, but there is some reason to 
believe that something might be wrong with that figure since the 
other methods agreed with the expected difference. 
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RESULTS 

COMPARISON OP 3 METHODS OP DETERMINING CARBON IN SOILS 


Per cent organic carbon air--dry sample 


Sample 

No. 


Soil Tyiie 


16 A.. 
14A.. 
27A.. 
48A.. 
57A.. 
61A.. 
56A.. 
68A.. 
7A.. 
54A.. 
84A.. 
3A.. 
49A.. 
12A.. 
66A.. 
67A., 
65A.. 
65A.. 
53A.. 
22A.. 
32A.. 
28A.. 
IIA.. 
8A.. 
63A.. 


Ontario Loam 

Ontario Ix>am 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Ontario Loam 

Volusia stony silt loam — 
Voluria stony silt loam. . . . 
Volusia stony silt loam. . . . 
Volusia stony silt loam. . . . 

Volusia silt loam 

Volusia silty clay loam — 

Vergennes clay 

Vergennes day 

Vergennes day.. 

Wooster gravelly silt loam. 

Wooster ^t loam 

Honooyo silt loam 

Dutdiess silt loam 

Gloucester loam 

Dunkirk silt & clay loam. 
Lordstown stony silt loam. 
Worth loam 


Official Wet 
Combustion 
Metliod 

Method of 
While & 
Holben 

Parr’s 

Combustion 

Method 

1.78 

1.47 

2.14 

1.86 

1.67 

1.60 

3.00 

2.85 

3.21 

1.50 

1.28 

1.60 

2.35 

1.77 

1.08 

1.65 

1.38 

1.65 

1.50 

1.30 

1.66 

1.01 

1.80 

2.17 

2.55 

2.27 

2.86 

5.41 

4.54 

.5.32 

2.70 

2.45 

2.32 

3.15 

2.07 

2.26 

1.65 

1.47 

1.58 

2.67 

2.45 

2,74 


2.28 

2.58 

2.82 

2.45 

2.75 

2.23 

1.08 

1.01 

2.64 

2.40 

3.01 

3.22 

3,27 

3.55 

2.14 

1.06 

2.24 

2.82 

2.46 

2.54 

2.56 

2.32 

2.53 

1.81 

1.38 

1.86 

3.71 

3.42 

3.67 

2.66 

2.39 

(1) 


(1) Figures not available for this sample by the Parr dry combustion method. 


The agreement between the methods of White and Ilolben (14) 
and tlie Parr Combustion (13) is not very satisfactory, the former 
giving uniformly low results which represent approximately 90 per 
cent of the total carbon obtained by the Parr method. 

It would appear from these results that the official wet oxidation 
method is more accurate than that described by White and Holben 
(14) . It appears also that the latter has the disadvantage ‘of more 
complicated equipment and requires more care and time in the mani- 
pulation. 


SUMUABY 

1. Total carbon was determined in 25 samples of soil using the 
Official wet oxidation method and the chromic acid method of White 
and Holben (14). The results were compared with those obtained 
by Waterman (13) with the Pavr dry combustion method. 

2. The Official wet combustion method compared favorably with 
the absolute method of Parr. 

The method of White and Holben (14) gave consistently low 
results. 
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A MODIFICATION OF MITSOHERLIGH’S METHOD FOR THE 
DETERMINATION OF THE NUTRIENT 
CONTENTS OF A SOIL 

By Reknakdo 0. (Ui'O. 

(.Oraplw and J>inf'raiua by I’miaado (.hardfin.) 

Inthoduction 

To find the relation that exists between the eoueentrations of 
plant nutrients in a soil and the yield of ihe crop planted in it, has 
been for a lonj? time one of the main problems tackled by agricultural 
chemists all the world over. Among the many investigatoi’s who 
have worked along this line, B. A. Milscherlieh has siartle<l his col- 
leagues by making a series of Iwld assertions with respect to this 
problem. 

Milscherlieh ’s theories have been both attackal and defended 
■with loo much zeal. In fact, in many cases the scientific point of 
view has been overlooked, and both attackers and defenders have 
arbitrarily discarded data which would prove ilnsatisfaetory for 
their own point of view. 

To determine to just what extent Mitscherlich’s theories apply to 
plants grown xuider Puerdo Rican conditions and the possibility of the 
application of said theories to the furtherance of Puerto Rican agri- 
culture have been objects which the author has tried to attain in 
complying with the recpiisites of the project under which this work 
baa been performed.* 

Mitkcukruou’s Tiikoriks 

Mitscherlich has stated that the relation between the initial con- 
centration of any given plant nutrient in a given soil and the yield 
of the plants grown in it may be represented by an equation of 
the type; 

y=A(l-K*) (1) 

•where “y" is the yield of the crop obtained with the initial con- 
centration “x” of the plant nutrient, “A” is the maximum yield 
obtainable with unlimited increases in the initial concentration of 
said plant nutrient, and “K” is a constant .corresponding to the 
nutrient under study. 

* Avork hus been performed under JProjeel No. 2, Bankhead-tTonee Fund. 
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To calculate the values of the constants “A” and “K” which are 
applicable to a given set of conditions, it is necessary to know at 
least the yields produced, under the required set of conditions, with 
two different initial concentrations of the plant nutrient. The corre- 
sponding values for “x” and “y” are substituted in equation (1) 
above, and the resulting equations are solved for “A” and “K”. 

If only the yields produced with two different initial oncentra- 
tions of the plant nutrient are known, the substitutions will provide 
only two equations in the two unknowns “A” and “K”. These are 
solved, therefore, simultaneously. 

If the yields produced with more than two different initial con- 
eentratioim of the plant nutrient are known, the substitutions will 
provide more than two equations in the two unknowns “A” and 
“K”. These should be solved, therefore, by the Method of Least 
Squares in order to obtain the most probable values of the constants 
“A” and “K”. 

With the values of “A” and **K” as obtained by either of the 
two methods referred to above, an equation of the type of equa- 
tion (1) may be written to express the relation that exists between 
the initial concentration of the plant nutrient and the yield of the 
crop which is produced in its presence under the given set of condi- 
tions. With this equation it is possible to calculate the yield of the 
crop which would be produced, under this set of conditions, by any 
initial concentration of the plant nutrient. 

However, the equation which shows the relation between the initial 
concentration of a nutrient in a given soil, with its own set of 
climatic conditions, and the yield of the crop planted in it must also 
provide for the specific available nutrients in that soil. 

The equation is therefore, modified into one of the type 

y=A(l— K‘'+*; (2) 

where “y”, “A" and “K” mean the same as in equation (1), and 
now “b-fx” is the initial nutrient concentration; “b” being the 
respective nutrient concentration in the unmanured soil and “x” the 
inwease in nutrient concentration produced by the addition to the 
soil of materials containing said nutrient. 

This equation contains, therefore, three constants or parameters 
whose values must be j^etermined. In order that the values of these 
constants may be calculated it is necessary that at least three yields 
produced with three different applications of the nutrient be known. 
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If only three such values are known, due substitutions for "x” 
and “y” are made in equation (2) and the resulting three equations 
solved simultaneously in order to find the values of “A”, “K” 
and Vb”, 

If more than three yield values with the corresponding nutrient 
applications in whose presence they were produced are known, the 
substitutions in equation (2) will furnish more than three equations 
in these tliree unknowns and these equations must then be solved by 
the Method of Least Squares in order to obtain the most probable 
values of the constants “A”, “K” and “b”. 

The value of “b” found in either of these ways is therefore the' 
nutrient content of this soil for this respective nutrient. The ap- 
plication of equation (2), therefore, affords a method for the deter- 
mination of the content by a soil of any given plant nutrient. 

This method requires: the application to given equal amounts of 
soil, of three different amounts of the plant nutrient under study, 
the growth of a crop in each of these soil portions, the weighing of 
these crops, the substitution of the values of nutHent applications 
and corresponding crop yields for “x” and “y” respectively iu 
equation (2), and the mathematical solution of these equations 
for “b”. 

This means that for the determination of the content by the soU 
of any plant nutrient, in a form as available to a given plant as 
the foim in which the plant nutrient is used, an experiment must be 
performed with at least three different applications of said plant* 
nutrient in the desired form. If it is required to determine the soil 
contents of the three principal nutrients, (nitrogen, phosphoric acid 
and potash), it is necessary that one of such experiments be per- 
formed with each of these plant nutrients, making a total of nine 
different treatments. Three of these treatments may be equal, reduc- 
ing the total number to seven treatments. With this procedure 
therefore, it is possible to calculate the soil contents of the three 
principal plant nutrients. 

Mitw'herlich has announced, however, that the constant “K" 
coirespoiiding to a plant nutrient is the same for all crops and ip 
all soils. He has stated, in fact, that the following values hold for 
these nutrients under all conditions, when the nutrient amounts are 
expressed in doublezentners per hectare: 

For ammonia (NHg) ; K = 

For phosphoric acid (P 2 O 8 ) : K = 10®-*® 

For potash (KaO), sodium present: K=.10®-»* • 

For potash (K#0), sodium absent: K — 10*-** 
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The constancy of these ^‘effect factors'', as claimed by Mitseher^ 
lich, led him to devise a simplification of the experimental scheme 
described above. Since the values for the different ‘‘K's" are fixed, 
the determination of the soil content of a plant nutrient can be 
done with only two different applications of said plant nutrient, 
since the values of only the two parameters “A" and ‘‘b" must 
be found. For the study of the soil contents of all three principal 
nutrients a total of six different treatments would be required, which 
number reduces to only four different treatments, since three of the 
six treatments may be equal. In this way the procedure of finding 
the nutrient contents of a soil is very simple. If to this is added 
the fact that these experiments can be performed with advantage in 
pots, where the conditions under which all treatments act may be 
carefully controlled, this procedure may afford a most simple and 
accurate method to do these determinations. Only one requisite is 
lacking. That it will work. Which leads us to our experimental 
work, which began with some experiments designed to determine 
whether this simple procedure gives reliable results. 

Experimental Work 

To date ten different pot experiments and one field experiment 
have been performed in five different soil types. The field experi- 
ment was performed on a field from which a soil sample had been 
taken for a pot experiment. The corresponding pot and field ex- 
periments thus check one another and their results serve as indications 
of the reliability which may be put on the results of pot tests of 
the type here preferred. These two experiments are the ones which 
will be presented as the experimental work on which the conclusions 
obtained from this work have been mainly based. The results of 
the other pot experiments, and of a field experiment performed with 
eggplants at the Isabela Sub-Station farm following the plan used 
in our field experiment, are in line and corroborate fully the conclu- 
sions derived from the two experiments presented here. 

Pot Experiment With Vega Baja Silty Clay 

The YegSL Baja silty clay consists of a slightly mottled alluvial 
gray brown top soil lying over yellow brown and red mottled stiff 
clay. The soil sample for this experiment was taken from field ID 
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of the Station farm, where the field experiment that follows this 
one was established. The soil was air dried and sieved through a 
0.25 inch diameter circular hole sieve. The sieved soil was well 
mixed and one kilogram samples taken for each pot. Mitseherlich's 
enameled pots with circular openings at the bottom with capacity 
for 6 kilogram samples were used. The one kilogram of soil for 
each pot was mixed with 5 kilograms of Corozos sand and with 
the appropriate amomus of the nutritive salts before being trans- 
ferred to the corresponding pot. The Corozos sand, a white quartz 
type of sand, was imwashed, Imt rapid chemical tests showed that 
it contained no nitrates, nor ammonium salts, no potash and only 
traces of phosphoric acid. This experiment was performed with 
Ilegari Sorghum, a crop which previous pot tests had demonstrated 
to be the best among a series of standard grain and grass varieties 
as regards germination, speed of growth and freedom from disease 
and insect attacks,, under greenhouse conditions at the Station. 

Due to ihe good germinating power of the seeds only 40 seeds 
were planted in each pot, and 35 plants were allowed to grow until 
harvest time. The thinning was done on the fourth day after plant- 
ing, the plants being already about 1^4 inches high. Due to the 
rapid growth of the plants, Mitseherlich’s waterii^ procedure was 
varied. During the first days after planting the weight of each pot 
was raised by 200 g. daily, later on by 100 g. daily, then by 50 g. 
and finally by 25 g. daily until full water capacity was reached for 
each pot. After the water content of a pot had been brought to 
full water capacity the increases in weight were reduced to only 
10 grams. That is, when it was found that a pot dripped, its weight 
was brought with distilled water to the same weight as on the previous 
day. If no water had percolated to the pan beneath, the weight of 
the pot was raised with distilled water by 10 grams. In this way 
the water content of each pot was brought to full water capacity 
every day. 

The crop was harvested when the plants were about to head, that 
is, at the end of the vegetative period. On harvesting, all the mate- 
rial above the soil in each pot was cut with shears into pieces of 
about 1 inch in length and placed in a tared and numbered wire 
basket. The plant material was then dried to constant weight in a 
constant temperature electric oven at a temperature of about 115®C. 
Constant we ght was assumed to be arrived at when the basket did not 
lose more than 0.1 gram after being in the oven for 3 additional 
hours. Table I summar-zes the results of this experiment. 



142 nil lOIKSM 01 URKU IRI OP IIU INIVIRblliOC 1' K 



riG 1 Intenor of the greenhouse where the pot experiment was conducted 
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"rrpatments (in juraius of siihstaiiw i»er pot) 

Yiohl (ill Kmms of dry-mat ler per pot) 

No. 

mil 

I'sOt 

K.<> 


Keplit 

2ud 

Til ions 

3rd 

Hh 

.Vveraet* 

1 

1 . 0227 

0. 1803 

0.(«fl(M) 

31.0 

25.0 

27.9 

27.0 

27.9 

% 

1.0227 

0. 181K1 

0. 1218 

32. 0 

33.1 

30.1 

37.3 

34.8 

3 

1. 0227 

0. 1893 

0. m> 

13 0 

40.2 

37.5 

42.3 

40.8 

4 

1.0227 

0. 00(H1 

0.3031 

13 3 

11.9 

11.2 

11.0 

12.0 

5. 

1.0227 

MllIWll 

0.3034 

25.3 

24.3 

25.9 

25.8 

25.3 

; 

1.0227 

0. 1202 

0.3031 

38.8 

30.3 

34.7 

33.2 

35.8 

7 , ■ 


0. 189;i 


10. 5 

10.1 

10.4 

10.3 

10.3 

8 


0. 1893 

0.30M 

39 2 

35.9 

30.3 

30 0 

30.8 

9 


0. IKIKI 

0.3054 

44.1 

45.0 

41.5 

39.4 

42. .5 

10 

1.0227 

0. 1893 

0.3054 

42.7 

48.8 

!». 1 

44.9 

47. 4 

11 

0.3409 

0. 0031 

0.1218 

20.8 

21.8 

21.8 

21.7 

21.5 

12 

0. 0818 

0. 1202 

0.2430 

11.4 

34.9 

35.0 

31.8 

31.0 


Ta))le I. — of tlie Pot Experiment ivith llegari Sorghum 
in Vega Baja silty elay. 

JnferprelaUon o' the Results of the Pot Experiment: (a) The 
ciination of tlie type of equation ( 2 ) above which fits best the average 
results obtained with ti’eatments 3, 2, 3 and 10 is 

y=89i.6(l— 0.94005®«‘«'-*). (3) 

This means thal in this soil there are 0.5163 g. KaO per kilogram in 
a form as available to the plants as the KifeO in E 2 SO 4 , which was 
tlie salt used to furnish the K 2 O in this experiment. The fit between 
th actual yields obtained and those calculated by making \ise of 
equation (3) may be observed in Table II and Graph I. 


drains KiO added per pot 

Yields (in granw of 
dry-matter per pot 

Actual 

Oaloulatod 

0.0000 

mlm 


0.1218 

0.3430 

0.8654 



Table 11 . — Comparison between the average yields obtained with 
treatments 1, 2, 3 and 10 and those calculated by making use of . 
equation (3). 
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PIQ. 2. View, at harvest time, of pots which had received treatments 1, 2, 3 and 10 respectively. 
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Grams of KpO applied per pot. 

GRAPH NO. I 

-Acfual yields. Calculated yields. 


drapli 1.— Comparison between the average yields obtained with 
treatments 1, 2, II and 10 and those calculated by making use of 
equation (2). 

The good fit obtained in this case indicates that the constants of 
equation (3) have valnw which do not diflEer very much from the 
real values and that therefore the available K 2 O content of this soil 
is close to 0.5163 g. K 2 O per kilogram of soil. 

(ft) The equation of the type of equation (2) which fits best the 
average results obtained with treatments 4, 5, 6 and 10 is 

y=1580.5( — 0.88762® (4) 

This means that in this soil there are 0.0670 g. PaOa per kilogram 
in fi form as available to the plants as the P 2 OB in Ca(H 2 P 04 ) 2 H 20 
which was the salt used to furnish the P2O5 in this experiment. The 
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fit between the actual yields obtained and those calculated by making 
used of equation (4) may be observed in Table III and Graph IL 


aoooo 

0.0631. 

0.1262. 

ai8»3. 


Grams P^Os added per pot 


Yidds (in grams of 
dry-matter per pot) 


Actual Calculated 


12.6 



36.0 

47.6 


Table III. Gompariaoa between the average yields obtained with 
treatments 4, 5, 6 and 10 and those calculated by malri'ng use of 
equation (4). 



GRAPH Nan 

-Actual yields. Calculated yields. 

Graph II. Comparison between the average yields obtained with 
treatments 4, 5, 6 and 10 and those calenlated by malring use of 
equation (4). 
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Vl6w, ha pots ^vvhlch had lents 4, 6, 6, and 10 respi 
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The good fit obtained in this ease indicates that the constants of 
eciuation (’4) do not diffei* very much from the values of the real 
constants and that therefore the available P2O,-, content of tliis soil 
is close to 0.0670 g. P2O3 per kilogram of soil. 

(e) The equation of the type of equation (2) which fits best the- 
average results obtained with treatments 7, 8, 9 and 10 is 

y--»47.63(l— 0.0313°“™®'*). (5) 

This means that in this soil there are 0.0706 g. Nils per kilogram' 
in a foim as available to the plants as the NHs in (NH4)2S04 which 
was the salt used to furnish the NH 3 in this experiment. The fit 
between the actual yields obtained and those calculated by making 
use of equation (5) may be observed in Table IV and Graph HI. 


Grams KHj added per pot 

Yields (in grams of 
dry-matter per pot 

Actual 

Calculated 

aoooo 


10. 

26. 1 
44. a 
46.5. 

aa409 

a 6818 

1.0227 



Table IV. — Comparison between the average yields obtained with 
treatments 7, 8, 9 and 10 and those calculated by making use of 
equation (5). 

The good fit obtained in this case indicates that the constants of 
equation (5) have values which do not ditfer very much from their 
real values and that therefore the available NH3 content of this .soil 
is close to 0.0706 g. NH3 per kilogi-am of soil. 
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GRAPH NO. m 

Actual yields Calculated yields 

Graph JIT. — Comparison between the average yields obtained with 
treatments 7, 8, 9 and 10 and those calculated by making use of 
equation (5). 
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PIO. 4, Tlew, at liarrest time, of pots which had received treatments 7, 8, 9 and 10 respectively. 
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(d) Now, since acc'ording: to Miiselierlicli, the effect factors corre- 
sponding to the difFi^rent imtrilive elements are constant, it should be 
possible to write out a general equation relating the plant yields 
with the initial concentrations of these three nutrients. The general 
equation is of the folio-wing type: 

y-A(l— R/*+^’) (6) 

and in this particular case the calculated general equation is 

y=30210.2(l-0.0313«o70bi-x„ )( 1-0.88752 oo67o+Vj, )(l-0.94005ow<»^\)(7> 

If IMitbcherlich’s assertion regarding the constancy of the effect 
factors -were true, it should be possible to calculate with this equa- 
tion the yields wdiieh \vould be produced with any known initial con- 
centrations of all three plant nutrients. Treatments 11 and 12 were 
included in this experiment with the purpose of providing such a 
check. In Table V and Graph IV may be observed the fit between 
the actual yields obtained with treatments 11 and 12 and those cal- 
culated by making use of equation (7). 



Yields tin grams of 


dry-matter per pot ) 

\utiients added 




Actual 

Calculated 

0 ^ g Nin, 0 0631 g P^Oi, 0 1218 g KiO 


H 7 

0 6818 g NUi, 0 12G2 g PiO&, 0 2436 g £.0 

1 ^ ^ 

2fi 2 


Table V. — (\)mparisoii between the average yields obtained with 
treat ineiits 11 and 12 and those calculated by making use of e<iua- 
tion (7). 
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0.06312.1^05 0.12622- 1^05 

0.1218 2- K2O 0.24362. K2O 
Grams of nufrienfs applied per poh 

GRAPH NO. IV 

‘Acfoal yields. Calculafed yields. 

Graph IV. — Comparison between the average yields obtained with 
treatments 11 and 12 and those calcxdated by making nse of equa- 
tion (7). • 

The poor tit obtained in this case indicates that equation (7) 
cannot be validly used for the calculation of yields produced under 
the conditions of the pots with treatments 11 and 12. This lack of 
agreement between the actual yields and those calculated by means 
of this equation is against Mitscherlich’s affirmation with regard to 
the constancy of the effect factors. 

Field Experiment in Veqa B.wa SiijTt Ciav 

This experiment was implanted on field ID of the Station farm. 
The field was divided and the fertilizer treatments applied according 
to diagram No. 1. The manured plots, being 21.75 feet in length 
by 14.5 feet in width, were 1/138 acre in area. The NHg was applied 
as 25 per cent sulphate of ammonia, the P2O3 as 20 per cent super- 
phosphate of lime and the KaO as 50 per cent sulphate of potash. 
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PIG 6 View, at harvest time, of pots which had received treatments 11, 12 and 10 respectively 
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The iveighed salts corresponding to each plot were broadcasted uni- 
formly over the whole surface of the plot. The treatments applied 
are described in Table TI. 


Treatments 

Cwt. NHa 
jier acre 

Cwt. PsOb 
I ier acre 

Cwt. K.0 
I)er acre 

A 

2.25 

2.25 

0 

B 

2 25 

2.25 

0.75 

C 

D 

2.25 

2.25 

2 25 ‘ 
0 

1 50 

2 25 

E 

2.25 

0.75 

2 25 

p 

2.25 

1 50 

2.26 

G 

0 

2.25 

2 25 

H 

0.75 

2.25 

2 25 

r 

1.50 

2.25 

2.25 

J 

• 

2.25 

2.25 


K 

! 0.75 

0.75 

1.50 


n . 

1.50 

1 




Table VI. — Treatments applied in the field experiment. 

Fertilizer applications were made on January 10 and 11, 19J7. 
The field was planted several times to Hegari Sorghum in i-ows 34.8 
inches apart, the holes in each row being at distances of 1 foot from 
the adjacent ones. Three seeds were planted in each hole, there 
being 6 rows in each plot. Due however to the repeated failures in 
obtaining the proper germination of the .seeds, it was finally decided 
to plant the field to Sudan grass. The Hegari Sorghum seeds had 
a very high germination percentage but field ID was infested with 
large numbers of ants and as soon as the seed shells were softened, 
the ants destroyed the seed almost (-ompletely. The Sudan gi-ass, 
planted on ilay 6, 19.37 and replanted on June 6, 1937 in the places 
where no seeds had germinated, gave a very good stand in all plots. 
The experimental field was watereil almost daily for two or tliree 
weeks to insure a good stand. On August 23-4, 1937, the crop in 
each plot was harvested and weighed. Diagram No. I shows the 
distribution of the treatments on the experimental field and the yields 
in pounds per plot. 
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ft-H 

I 04;5 

8-C 

115.8 

8-J 

116.4 

8-F 

114.2 

8-6 

57.1 

8-D 

74.3 

8-1 

I 0&5 

8-B 

114.9 

8-K 

954 

8-L 

100.8 

8-A 

113.7 

8-E 

80.7 

7-E 

95.0 

7-K 

74.4 

7-G 

72.2 

7-H 

86.2 

7-C 

9 a 2 

7-B 

1123 

7-L 

89.6 

7-F 

91.1 

7-A 

IOi .0 

7-D 

56.5 

7-J 

97.7 

7-1 

95.5 

6-B 

103.9 

6-F 

94.5 

6-D 

86.0 

Ql 




6-G 

72.8 

6-E 

61.6 

6-K 

67.9 

1 

6-C 

105.4 

tm 


5-1 

96.1 

5-J 

113.5 

5-E 

103.7 

5-K 

93.5 

5-C 
116. 1 

5-D 

72.5 

5-H 

74.1 

5-B 

95.7 

I 

i 

4-1 

IIS .9 

ESI 

4-K 

87.7 

4-B 

115.8 

4-H 

95.4 

Qn 

4-F 

125.5 

g 

g 

4*6 

93.7 

4-D 

69.7 

03 

m 

EQ 

3-H 

81.2 

3-C 

99.0 


HKl 

3-D 

87.6 

3-K 

93.2 

Ejg 

3-E 

1182 

3-1 

129.7 

3-B 

126.6 

2-D 

91.4 

2-6 

68.1 

2-L 

95.2 

2-K 

71.8 

2-J 

123.2 

2-1 

122.4 


2-E 

122.1 

2-B 

143.2 

gg 

2-C 

119.4 

2-Jd 

108.9 

m 

l-B 

123.9 

m 

l-D 

104.9 

l-E 

112.2 

g 

iwa 

l-H 

110.4 

l-I 

126.5 

1 

i 

l-K 

107.1 

g 


DIAGRAM NQI 

DISTRIBUTION OF TREATMENTS ON EXPERIMENTAL HELD 
AND 

YIELDS IN LBS. FEEL PLOT 

The results of this field experiment have been tabulated in 
Table VII. 
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Interpretation of the Results of the Fidd Experiment: (a) The 
equation of the tyiie of equation (2) which fits best the average re- 
sults obtained witli treatments A, B, C and J is 

y « 120.0(1— 0.8051812-®! + ='). (8) 

This means that in this soil there are 12.61 cwts. KaO per acre in 
a form as available to the plants as the K 2 O in sulphate of potash 
which was the material used to furnish the K 2 O in this experiment. 
The fit between the actual yields obtained and those calculated by 
making use of equation (8) may be observed in Table VllI and 
Graph V. 


Cwts. KiO added per acre 

Yidids (in pounds of 
green n\jaterial per plot) 

Actual 

Calculated 


111,1 


0.75 



1.50 



2.26 







Table Vlll. — Comparison between the average yields obtained 
with treatments A, li, 0 and J and those calculated by making use of 
equation (8). 
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Cw^s. of K2O applied per acre. 

GRAPH N0.V 


Acfual yields. Calculafed yields. 

Graph V, — Comparison between the average yields obtained with 
treatments A, B. C and J and those calculated by making use of 
equation (8). 

In the pot experiment perfoimed with this same type of soil, 
it was found that the surface soil of this field contained 0.5163 g. 
K 2 O per kilogram of soil, and if it is assumed that one acre of soil 
weighs 2,000,000 pounds, then it would contain 1032.6 pounds KgO 
per acre. On the basis of this assumption, the field experiment 
demonstrates a presence of 1261/1032.6 -=1.22 times the amount of 
potash determined as available by the pot experiment. 

(h) The equation of the type of equation (2) which fits best the 
average results obtained with treatments D, E. P. and J is 

y= 129.0(1— 0.55385i« + *). (9) 

Tim means that in this soil there are 1.66 cwts. PsOg per acre in a 
fom as available to the plants as the PaO® in superphosphate of liiwo 
which was the material used to furnish the PsOb in this experiment. 
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The fit between the actual yields obtained Juid those calculated by 
making use of equation (9) may be observed in Table IX and 
Graph VI. 


Cwts. PiOs added per acre 

Yields (in pounds of 
green material per plot) 

Actutd 

Oalcolated 

0 

80 4 
»8.7 
108.0 
116.7 

80.6 

97.9 

109.1 

116.2 

0,75 

1.60 

2 26 



Table IX. — Comparison between the average yields obtained with 
treatments D, E. F and J and those calculated by making use of 
equation (9). 



Cwts. of 1^ applied per acre 

GRAPH NO. VI 


‘Actual yields -■ Calculated yields 


Graph VI. — Comparison between the average yields obtained with 
treatments D, E. F and J and those calculated by making use of 
equation (9). 
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In the pot experiment performed with this same type of soil it 
was found that the surface soil of this field contained 0.0670 g- 
P 2 O 5 per kilogram of soil, and if it is assumed that one acre of soil 
w^eighs 2,000,000 pounds, then it would contain 134 pounds P 2 O 5 
per acre. On the basis of this assumption, the field experiment 
demonstrates a presence of 166/134 *= 1.24 times the amount of P 2 O 5 
determined by the pot experiment. This figure compares favorably 
with the previous one of 1.22 obtained in the ease of K 2 O as the va- 
riable factor. The ratio of the amounts of P 2 O 5 and KgO determined 
by the pot experiment is practically equal to the ratio of the amounts 
of P 2 O 5 and K 2 O determined by the field experiment. This may be 
considered a good check with regard to the accuracy of tliis kind 
of pot experiments. 

(c) The equation of the type of equation (2) which fits best the 
average results obtained with treatments G, H, I and J is 

y= 136.6(1—0.5968 + 0- ( W) 

This means that in this soil there are 1.65 cwts. NHs per acre in a 
form as available to the plants as the NHg in sulphate of am- 
monia which was the material used to furnish the Nils in this 
experiment. The fit between the actual yields obtained and those 
calculated hj making use of equation (10) may be observed in 
Table X and Graph VTI. 




Yields (in poimds of 
green material i)er plot) 


Cwts. NHs added per acre 

Actual 

Calculated 

0 

79.1 

78. a 

0.75 

94.0 

97.0 

1.60 

113.7 

109.0 

2.25 

110.7 

1 

117.9 



Table X. — Comparison between the average yields obtained with 
the treatments G, H, I and J and those calculated by making use 
of equation (10). 
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GRAPH NQVE 

Achial yields Calculated yields 


Graph VII. — Comparison between the average yields obtained with 
the treatments G, H, I and J and those ealcnlated by making use 
of e<piatiou (10). 

In the pot experiment performed with this same type of soil, 
it was found that the surface soil of this field eontained 0.0706 g. 
NHs per kilogram of soil, and if it is assTimed that one acre of soil 
weiglus 2,(H)0,000 pounds, then it would contain 141.2 pounds Nil* 
per aci-e. 0)i the basis of this assumption, the field experiment 
demonstrates a presence of 165/141.2 »= 1.17 times the amount of 
Nils detemined by the pot experiment. This figure is of the same 
order as the two pi'evious ones found with KsO and PiOo as nutrients 
in variable amounts and it seems as if it might be concluded, in the 
light of this evidence, that pot experiments of this type may be 
used to determine with fair accuracy the relative available amounts 
of the three principal nutrients, i. e., nitrogen, phosphoric acid, and 
potash. 
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(d) If the general equation of the type of equation (6) corre- 
sponding to this experiment is calculated from the equations (8), (9) 
and (10), the following general equation is obtained: 

7=163 6(1-0.5 68i««+*n)(l-0.55386ifi»+*p)(lH).80518i2.w (n) 

Calculating by means of equation (11) the yields which should 
have been produced by treatments K and L of the field experiment, 
and comparing these calculated values with the actual yields ob- 
tained in said experiment, it will be found that in this case there is 
a very poor fit between these results. This poor fit may be observed 
in Table XI and Graph VIII. 


Nutrients added per acre 

Yields (in pounds of 
green material per plot) 

Actual 

Calculated 

0 .75 cwt. NHi; 0.75 cwt. PsOs; 0 75 cvrt. KiO 

86.4 

104.0 

78.2 

08,8 

1.60 cwt. NHj; 1.50 cwt. PiOs; 1.60 cwt. K*0 



Table XI. — Comparison between the average yields obtained 
with treatments K and L and those calculated by making use of 
equation (11). 
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0.75 CwK 1.50 Cwfs. 

0.75C«t. K^O t.50Cwts.K20 

Cwts. of nufrieofs applied per acre. 

GRAPH NO. Vin 

■Acfual yielda. Calculafed yields. 

Graph VIII. — Comparison between the average yields obtained 
with treatments K and L and those calculated by making use of 
equation (II). 

This bdiaviour is analogous to the one observed in the ease of 
the pot experiment and it corroborates a conclusion which might 
have been drawn from those results, in fact, that the general equar 
tiou calculated for a crop growing in a soil under certain fertilizer 
concentrations is not applicable to other conditions. This same be- 
haviour was noticed by the late W. J. Spillman on studying the re- 
sults of a tobacco fertilizer experiment conducted by W. W. Gamer 
and his associates at Georgia. The explanation for tiiese discre- 
pancies offered by SpiUmau might be accepted for said experiment 
but in our ease, where the conditions claimed to produce those ef- 
fects were not present^ no explanations of this sort are posable to 
maintain the general applicability of such an equation. If this is 
so, then, the 4-treatment procedure recommended by Miteherlich, 
based on the applicability of this general equation and with fixed 
values for the effect factors, should not give reliable results. 
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The conclusion arrived at, therefore, is that the 7-treatment tests 
should be preferred to the 4-treatment ones recommended by Mitsclier- 
lich, for although they are more elaborate and cosily than the 4-treat- 
ment ones, yet their accuracy more than otffsets the disadvantages 
mentioned. 

Procedure Followed at Present for the Determinarion op the 
Nutrient Contents op a Soil by Means op Pot Tests 

Partial samples to the desired depth are taken at several places 
in the field representing the soil type to be studied. These soil sam- 
ples are air dried, sieved through a 0.25 inch circular hole sieve and 
well mixed. 

The proportion of soil to Corozos sand in the soil-sand mixture 
to be used in the pot tests is determined from the texture of the 
soil sample. For example, with clays or silty clays 2 kilos of soil 
are mixed with 4 kilos of Corozos sand, with sandy loams 4 kilos 
of soil are mixed with 2 kilos of Corozos sand, etc., to make up the 
6 kilos for each pot. 

The soil and sand are mixed in an oil cloth with the proper amounts 
of the salts which are used to furnish the nutritive materials. The 
following seven treatments are given by quadruplicate to each soil- 
sand mixture: 

1— 1.000 g. NHs; 1.000 g. P2O5. 

2— 1.000 g. NHs; 1.000 g. P2OB; 0.500 g. KgO. 

3— 1. 000 g, NII3 : 1. 000 g. K2O. 

4^1.000 g. NH3; 0.500 g. P2O5; 1.000 g. K2O. 

5— 1.000 g. P2O5; 1.000 g. K2O. 

6— 0,500 g. NH3; 1.000 g. P2O5; 1.000 g. K2O. 

7— 1.000 g. NH3; 1.000 g. P20r,; 1.000 g. K2O. 

Of the 28 pots used to study each soil: treatment 1 is given to 
pots Nos.. 1, 8, 15 and 22; treatment 2 is given to pots Nos. 2, 9, 16 
and 23; treatment 3 is given to pots Nos. 3, 10, 17 and 24; treat- 
ment 4 is given to pots Nos. 4, 11, 18 and 25; treatment 5 is given 
to pots Nos. 5, 12, 19 and 26 ; treatment 6 is given to pots Nos. 6, 

13, 20 and 27 ; and treatment 7 is given to pots Nos. 7, 14, 21 and 28. 

Once the soil, sand and salts corresponding to a given pot are 
well mixed, the whole mixture is transferred to the corresponding 
Mitscherlich^s pot. Each pot is weighed and is then ready to plant. 

Immediately before planting, 400 ml. of distilled water are poured 
on top of the soil of the pot with a sprinkler. With the Ilegari 
Sorghum seeds now available, 40 seeds are planted in each pot with 
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the idea of leaving 35 ])lauts to gi*ow in each pot The seeds are lialf- 
bnried, by using a small forceps. The seeds are distributed uniformly 
upon the whole surface of the pot. A rapid and easy way to do this 
distribution is to plant the first 37 seeds in the order illustrated in 
diagram No. 3, turning the pots around after planting seed No. 22. 
The other three seeds are planted to fill the largest vacant spaces 
remaining after the first 37 seeds are planted. 



MANNER OF PLANTING SEEDS IN ORDER TO 
OBTAIN A UNIFORMLY SPACED DISTRIBUTION- 


After the 40 seeds have been half-bnried, drops of water are 
allowed to fall over and around the seeds in order to pack the soil 
against the seeds but leaving their upper part uncovered. 
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Tlie next day nearly all the seeds will have broken their shells. 
The seeds which have loosened themselves are half-buried again and 
the whole surface of the pot is moistened. 

This procedure is repeated the next daj’-, by which time the seeds 
will have sent their first root into the soil and their shoots will be 
about '^^2 ii^ch in height. 

On the next day most of the plants will have already 2 leaves 
open and they will be about 1% inches in length. The ungerminated 
seeds and as many plants as necessary are removed this day from 
each pot, leaving J15 plants in each pot. Each pot is brought with 
distilled water to a w’^eight equal to its dry weight plus 800 g. 

In the succeeding days the water content of the pots is raised 
by increasing the w^eight of the pots by 200 g. daily at first and then 
by smaller amounts until full water ea])acity is attained. The idea 
is to attain this fuU w'ater capcity as soon as possible. 

After this stage has been reached the first thing in the morning 
to he done is to see which pots have percolated water to the pan 
below and which ones have not. The pots which have percolated 
water are brought with distilled water to the same weight as on the 
previous day, after pouring on the pot the percolated solution. The 
pots which have not percolated water are brought to a weight which 
is 10 g. larger than the corresponding weights of the previous day. 
However, if after thus increasing the weight of one pot by 10 g. on 
a day it is found on the next day that no water percolates, the in- 
crease in weight on the next day (and succeeding ones if necessary) 
will he by 20 g. This watering procedure is continued until harvest 
time ; in our case, until the plants are about to head. 

At harvest time all the material above the soil in each pot is 
out into pieces of about I inch in length and placed in a tared wire 
basket. These baskets are placed on a constant temperature electric 
oven and kept at a temperature of about 115°C. until constant weight 
is attained. It is usually found that this condition i« attained on 
allowing the oven to stay lighted overnight. 

The baskets are weighed on a torsion balance to the nearest 0.1 
gram immediately' upon removing from the oven, the procedure being 
to remove one tray and weigh it before removing the next. 

The calculations necessary to do the interpretation of one of these 
experiments are presented below. This experiment was performed 
with Rio Piedras clay, a very acid type of soil (pH — 4.39) in which 
a previous experiment done without CaCOs applications had failed 
due to the extreme acidity of this soil. For tliis reason, CaOOa » 
a variable factor was also introduced in this experiment, making a 
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total of 9 treatmeutfi instead of the standard number of 7 treat- 
ments. The treatments and yields obtained are found in Table XIL 
In this ease 2 kilos of soil ^irere mixed with 4 kilos of Corozos sand. 


Treatments 


Yields (in grams per plot) 




i 

Replications 



No. 

Nutrients added per pot 

1st 

2nd 

3rd 

4th 

Average 

1 

1.009 g. PaOb; 1.000 g. KjO; 6.000 g. OaCO# 

19.0 

18.2 

17.5 


18.125 

2 

0.500 g. NH«; 1.000 g. PiOs; 1.000 g. KsO; 

6.000 g. CaCOa 

34.7 

33.6 

33.6 

33.6 

33.875 

3 

1.000 g. NHs; 1.000 g. KtO; 6.000 g. GaCOs 

7.1 

7.1 


7.2 

7.275 

4 

1.000 g. NHi; 0.600 g. PsOs; 1.000 g. KiO; 

6.000 g. CaCOi 

30.6 

32.4 


30.0 

30.700 

5 

1.000 g. NHa; 1.000 g. PsOa; 6.000 g. CaOO» 

23.3 

22.3 

19.8 

22.9 

22.075 

6 

1.000 g. NHa; 1 000 g. PaOs; 0.600 g. K»0; 

6.000 g. CaCOa 

31.8 

36.7 

34.1 

32.2 

33.700 

7 

1.000 g. NHa; 1.000 g. PtOs; 1.000 g. KaO 

6.0 

8.1 

6.3 

5.8 

6.550 

8 

1.000 g. NHa; 1.000 g. PaOs; 1.000 g. EaO; 

3.000 g. OaCOa 

30.0 

33.6 

31.1 

31.8 

31.850 

9 

1.000 g. NHa; 1.000 g. PaOs; 1.000 g. KaO; 

6.000 g, CaCOj 

34.6 

36.0 

32.9 

35.6 

34.750 


Table XII. Results obtained in a fertilizer x)ot experiment with Bfo Piedras day. 


The following formulas, derived from equation (2), are used to 
simplify the calculation processes: 


^ ya—yi 

(12) 

II 

(13) 

A^yj + MR** 

(14) 

V log M— log A 

logR 

(15) 


To calculate the amoumt of available Nila in the 2 kilos of soil 
usmI for the soil-sjind mixture, the average yields of treatments 1, 2 
and 9 are used. Tims, expressing the Nila aplications as units of 
0.500 g. Nila to simplify the calculations. 


Xi = 0 ; 
Xo 1 • 
x» = 2; 

Therefore, 


V, 18. 125 
Va = 38, 875 
y 3 = :}4.750 

34. 750—33. 875 0. 875 

‘^~33. 875—18. 125~ 15. 750 


15. 750 
1-0. 0556 


15. 750 
0.944444 


16. 6765 


0.05556 


A = 18. 125 + 16. 6765 = 34. 8 

1 . 2221 0 — 1 . 54158 — 0. 31948 

“~0. 74476 — 2 . 0.25524' 


0. 2545 units or 
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0.2545(0.500 g. NH3)= 0.1272 g. NII3. Therefore, this soil contains 
0.1272 g. NH3 per 2 kilos of soil. 

The calculation of the available amounts of the other nutrients 
is made in a similar way. 

SxTMMART AND CONCLUSIONS 

A discussion of the principles underlying the applications of 
Mitseherlieh’s equations to the determination of the nutrient contents 
of a soil and of the objects in view in complying with the requisites 
of the project under which the described studies 'weve done have been 
made. 

The procedure employed in performing a certain pot experiment 
with Mitscherlich's pots is described. A detailed interpretation of 
the results of that experiment has been made. 

The procedures used in performing and in the interpretation of 
the yield data obtained from a field experiment implanted on a field 
with the same soil type as was used in the pot experiment have been 
also described. The results of both of these experiments have been 
compared and the conclusions set further on have been derived from 
the results obtained in this comparison. 

Detailed instructions for making the determination of the nutrient 
contents of a soil by a modification of Mitscherlich^s 4-treatment 
method are presented. 

The following conclusions are derived from the experimental data 
presented: 

1. Mitseherlich’s special equation for the relation existing be- 
tween the initial nutrient concentration of a single nutrient in a 
soil and the yield of a crop there planted is an accurate and simple 
one. 

2. Such an equation may be used to determine with a high x)reci- 
sion the available amount of any nutrient in a given soil. 

3. Mitseherlieh's general equation relating the yield of a crop 
with the initial concentrations of the three principal nutrients, (ni- 
trogen, phosphoric acid and potash), does not hold. 

4. Mitscherlieh's 4-treatment method, based on the applicability 
of this latter equation, is not accurate under Puerto Eican condi- 
tions for the vegetative period of growth of a crop, that is, from 
the time of planting to the time of heading. 

5. A modification of Mitscherlioh’s method, including 7 treat- 
ments and based on the applicability of the Mitscherlich^s special 
equations for variations in the concentrations of each individual 
nutrient respectively, is described as now used. 



MODIFICVTION OF MITSCHERUCH ’s METHOD 


169 


Ac^knowledgments 

The author wishes to express his profound gratitude to Mr. Fer- 
nando Chardou, Assistant Sugar-Cane Specialist, for his invaluable 
cooperation by drawing the graphs and diagrams with which this 
article has been illustrated. lie also desires to make known his 
everlasting sympathy and appreciation to Mr. Juan Amedee Bonnet, 
Soils Expert, who as leader of the project under which the work out- 
lined was done, cooperated whole-heartedly to its progress, and who 
had the courtesy and benevolence to aid with valuable suggestions for 
the correction of the galley proofs of this article. 

Eeferences 

1. Capo, B. G, Fertilizers and Crop Yields, (Rev. Ed.), Mem- 
oirs 1934 Annual Meeting of the Association of Sugar Cane Techno- 
logists of Puerto Rico, p. 27-54, 1935. 

2. Hartung, W. J. The Mitscherlieh Method of Soil Testing 
and Interpretation of Results. The Hawaiian Planters' Record, 33 
(4) : 439-448, 1929. 

3. MeUor, J. W. Higher Mathematics for Students of Chem- 
istry and Physics, New Impression. Longmans, Green and Co., Lon- 
don, 1931. 

4. Merriman, M. A Text-Book on the Method of Least Squares. 
8th Rev. Ed. John Wiley and Sons, Inc., New York, 1911. 

5. BSitschwlich, E. A. Die Bestimmuug des Dungerbedurfnis- 
ses des Bodens. Verlagsbuchhandlimg Paul Parey, Berlin, 1930. 

6. BixsseU, E. J. Soil Conditions and Plant Growth. Longmans, 
Green and Co., 1932. 

7. Spillman, W. J. Use of the Exponential Yield Curve in Fer- 
tilizer Experiments. ir.S.l).A., Tech. Bull. 348, 1933. 

8. , and Lang. E. The Law of Diminisliing Re- 

turns. World Book Co., 2126 Prairie Ave., Chicago, 1924. 

9. Wilcox, 0. W. The Law of Diminishing Returns Codified, 
Facts About Sugar, 22(1) :16-7, 1927. 




NEW SOUTH AMERICAN SABCOPHAGIDAE (DIPTEBA) 

By Davii) <r. llALii., Bureau of Entomology and Plant Quarantine, United States 
Department of Agriculture, Wasliingtoii, D. C, 

The folJowmg species of Sarco})hagitlae are described in order to 
make the names available for Mr. L. F. IVlartorell, of the Puerto 
Rican Experiment Station at Rio Piedras, who collected the speci- 
mens. 


Sarcophaga camura, new species 
Figure 1 

MaU \ — Hoad with front narrow, 0.18 of hand width; j)ara facial and para- 
frontal sih’ory pollinose, with a slight yellowish tinge, the former bare; frontal 
bristles about eight or nine, the rows not widely diverging below, and descend- 
ing about to the base of the second antennal segment; roclinate frouto-orbital 
bristles abstmt; ocellar bristles minute, outer vertical bristles not differentiated; 
antenna rather yellowish, third segment nearly three times length of second 
and reaching nearly to vibrissao, which are normal and at oral margin; clypeus 
long and narrow; epistoraa short and hartlly narrowed; arista with long plumo- 
sity; imljms and proboscis black, both ordinary; bueca short, less than one- 
fifth c,\e height, and with both black and pale yellowish-brown hairs before the 
metacephalie suture; back of head with one row of postociilar ciliao and with 
pale hairs below. 

Thorax silvery poIUnoso, with the nomial three to five black stripes; pro- 
pleura bare; anterior aerostichal bristles absent; anterior dorsoceniral bristles 
two; humeral bristles two; posterior dorsocentral bristles three; sternoideural 
bristles t\\o; pn*«*utellar bristles present but reduced; laterally and below with 
long, yellow i«h-l)K>wtt hairs; scutellum with three marginal bristles and withoxit 
presipical or apical bristles. 

Abdomen tessenated and with three shifting black stripes; median marginal 
bristles <m tmth fle(*on<l and third visible segments; fourth \isib1e segment with 
a marginal row of about 13 bristles; laterally and below with long yellowish- 
brown hair. 

Hypopygium of noruuil swe; first segment black and heavily grayish polli- 
nose; set^oud segment smaller than first, black, with abundant, long, curling, 
black liairs; genital features us illustrated. 

Wing hyalino; costal si>ino absejit; third costal section about as long as 
fifth; first and fifth veins bare; third vein with some basal setulae; basi- 
coata yellow. 

Legs black; fore and middle femora distally and below with some long 
yellowish-br(»wn hairs; middle tibia ^th one anterodorsal bristle and some vil- 
losity; bind femur and tibia with long villosity. 
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Female . — U nknown. 

Type locality . — ^“La Provideneia*', Maracay, Venezuela. 

Type and pavaiype. — ^U. S. National Museum No. 32069. 

Eeynarks . — ^Described from the type and one male paratype col- 
lected November 13, 1932, by Serres and Martorell. 

The peculiar elongate yellowisli-brown pile or hair on the sternum 
and venter in this species approaches the condition found in Sa- 
rothromyinae. This species runs to Mehria End. in Townsend’s keys, 
1935, Manual of Myiology, .9, but is not closely related to Harcophaga 
nemoralis Kr., the genotype of Mehria^ which is European. I de- 
scribe it in the genus Sarcophaga sens. lat. until ad<litional related 
material can be studied. 

Sarcopha^ rimosa, new species 
Figure 2 

^dle . — ^Head \vitli front very narrow, only 0.14 of head width; one para- 
fiontal only one-thiid width of frontal stripe; paraf rental and parafacial bright 
golden pollinose, the pollinosity becoming thinner toward vertex; facio-orbital 
bristles present in several rows below, near eye; frontal bristles about 14, the 
rows widely diveiging below and extending to about the middle of the second 
antennal segment; inner vertical bristles present; vibrissae considerably above 
oral margin and slightly approximated, bneea about one-fourth e>o height, with 
only black hair before the metacephalie suture; back of head with one and a 
partial second row of postocular ciliae. 

Thorax black, with six yellowish, dorsal, longitudinal stiipcs, two median, 
two postsuturally extending over the postalar caUus, and two extending over 
the humeri and notopleurae to the postalar callus; a golden pleural stripe ex- 
tending across the propleura, metapleura, and pterox>leura ; anterior acrostichal 
bristles three; posterior acrostichal bristles three or four; anterior dorsocoutral 
bristles three; posterior dorsocentral bristles four; stcrnopleural bristles throe; 
seutellum black with golden pollen, except for a median longitudinal stripe, 
with two marginal bristles, one subapical bristle, and ono apical })ristlo. 

Abdomen black, tessellated, with four rows of golden pollinose spots, these 
spots not extending to the posterior margins of the segments; third segment 
with median marginal bristles; fourth segment with a marginal row of about 
12 bristles; fifth stemite reddish-orange, the two arms wdoly diverging and 
with long, thin hairs along the inner margins. 

Hypopygium of nozmal size; first segment red; second segment globose, 
smaller than first, red, with long, curling, black hairs. Genital features as illus- 
trated. 

Wing hyaline, third costal section as long as fifth; third vein with several 
basal setulae. 

Legs black; anterior tibia with one posterior bristle at apical third; * mid 
femur with two posterior bristles near apex; mid tibia with one antorodorsal 
bristle at apical third; hind tibia without long villosity. 
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Female, — ^Unknown. 

Type locality , — ‘‘La Provhideueia'^ Maracay, Venezuela. 

Type, — U. S. National Museum No. 52071. 

Remarka , — This sj)ecies appeal's to some extent like species of 
Orohrachycouia Tns., whieli differ l)y having three posterior dorso- 
eentral bristles; also like species of Dejrosarcophaga Tns., which dif- 
fer by liaving the hypopygium red and the second segment of the 
abdomen with median marginal bristles. 

Abacantha, new genus 

Male . — Head without parafacio-orbital bristles; frontal bristles about seven, 
tlie rows hardly divergent below; one proclinate fronto-orbital bristle and one 
rccliiuite fronto-orbital bristle; outer vertical bristle distinct; third antennal 
{segment fully four limes us long as second and reaching almost to the vibrissae, 
whidi are normal and at the oml margin; bucea short, less than one-fourth eye 
height. 

Thoiax without anterior aerostiehal bristles; posterior dorso-central bristles 
two; stenioploural bristles three; prescutellnr acrostichal bristles present. 

Abdomen with iue<lian marginal bristles on the third segment. 

Wing hyaline; first vein setulose. 

Leg**: Mid femur with comb; hind tibia without villosity. 

(linotype, — Ahteantha zygox, uew species. 

Abacantha zygox, new species 
Figure 3 

Male . — Head with front 0.29 of head width; parafrontals and parafacials 
golden pollinosc; antenna black; palpus and proboscis black, both ordinary; 
bucca witli only Idnck hair before the metacephaHc suture; back of head with 
two rows of post ocular ciliae, around the middle and below with but pale hair. 

Thorax silvery-gi'ay ])ollinoHe, with the normal three to five black stripes; 
scuttOlum with three marginal bristles and ono apical bristle. 

.Midoinen tessclhited an<l with throe shifting black stripes; fourth segment 
black to ai>ex and with a marginal row of about 12 bristles. Fifth stemite 
yellow'-orange, the inside margins of the two divergent arms covered with soft 
yellowish ]>ile. 

llypopygiuin with the first segment rod, darker at base and without the 
customary row of marginal setae; second segment red, small, retracted. Genital 
features as illustrated. 

Wing without costal spine, third costal segment about as long as fifth; 
third vein with sonic basal sotulac. 

Legs black, mid tibia with ono anterodorsal bristle. 

Typo loeaKly . — “La Providencia”, Maracay, Venezuela. 

Type and paratype. — IT. S. National Museum No. 52072. 
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Remarl's. — ^Described from the holotype male, collected by Mar- 
torell, and one paratype male collected at San Mateo, Costa Rica, 
by Pablo Schild, dates unknown. 

This species appeai-s close to species belonging to Notochaeta Aid- 
rich, having but two posterior doi‘socentral bristles. The setulose 
first vein is suggestive of Mi€ 7 *ofiotocJi(i€fa Townsend but the head 
shape of this genus is different. I have not seen specimens of A'tia- 
ravinin Tns., but this genus lacks the ctenidium on the mid femur. 
Catheronychia Tns. is composed of much smaller species, all of which 
liave three posterior dorsoceiitral bristles. 

Tripanurga albicans (Wiedemann) 

Figure 4 

Sarcophaga albicans Wied., 1830, Auss. Zweifl. p. 363. 

Ti'ipamirga albicans (Wied.), Br. & Berg. 1891, Zweifl. Kais. Mus. 
0, p. 363. 

The following description is given to supplement the inadequate 
descriptions publidied heretofore. 

Male , — Head with front 0.3 of head width; parafrontals and paiafacials 
silvery-gray pollinose, the latter with a row of facio-orbitals below near eye; 
frontal bristles about six, the rows slightly converging below and reaching to 
the antennal insertion; proclinate fronto-orbital bristles one; reclinate fronto- 
orbital bristles one; outer vertical bristles present; antenna black, third seg- 
ment at least three times as long as the second iuid reaching almost to the 
vibrissae, which are normal and at the oral margin; aristal plumosity normal; 
palpus and proboscis black, both ordinary; bucca one-third the eye height 
and with only black liair before the metacephalic suture; back of head with 
one defined row of post-ocular ciliae, around the middle and below with some 
pale hair. 

Thorax silver\'-gray pollinose and wth the normal three to fiv(* black 
stripes; anterior acrostichal bristles absent; anterior dorso-contral bristles two; 
posterior dorso-central bristles four; stemopleural bristles two; prescutellar 
acrostichal bristles present; scutellum with two marginal bristles and oiw» prc- 
apical bristle. 

Abdomen tessellated and with three shifting black stripes; median marginal 
bristles on the third segment only; fourth segment with a marginal row of 
about 10 bristles. The posterior part of the abdomen is enlarged and deepened 
for the reception of the large hypopygium. 

Hj-popygium with the first segment black, dusted with gray pollen and with 
a marginal row of about 10 setae; second segment smaller, black, with whitish 
pollen. Genital features as illustrated. 

Wing hjaline; third costal segment as long as fifth, third rein with several 
setulae at base; first vein setulose. 

Legs black; middle tibia with two anterodorsal bristles. 
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Female . — ^With two proi’Iiniite front o-orbital bristles and the abdomen of 
noriiuil shape and d<*i)th» i>therwiso as in male exce])t for normal sexual differ- 
ences. 

Remarks , — The typo looaliiy of this species is Brazil, and all of 
the previous tnaloinal I have seen havS been Brazilian. It is there- 
fore interesting; that Herres and Martorell collected one male and 
one female of the species on November 18, ]9»82, at “La Providen- 
cia’^ Maracay, Venezuela. 



ExPLiNTATioK OP Figures 

Fig:. 1 . — SfireopJiaga camm'u, n. sp., Left lateral view of male 
fermiualia. 

Fig. 2 . — SarcopJiaga rimosa, n. sp., Left lateral view of male ter- 
minalia, and rear 'siew of male penis and forceps. 

Fig. 3 . — Ahacantlia zggox, n. sp., Left lateral view of male ter- 
minalia. 

Fig, i. — Tripavurga albicans (Wied.). A. — Left lateral view of 
male terminalia, B. — Penis from same view. 



PLATE VIII 








ANTILLEAN ASCALAPHIDAE 


By Nathan Banks 

Museum of Comparative Zoology, Cambridge, Moss. 

Recently Dr. Cf. N. Wolcott of Puerto Eieo sent me a pair of a 
small Asealaphid taken in the southwestern part of the island. This 
has included me to go over the material in the Museum collection, 
to straighten out certain points in Van der Week’s Revision and in 
Prof. R. C. Smith’s paper on the Haitian species. We have here 
the types of Burmeister’s aenex and of Hagen’s avunculus, 

Hurmeister liad two specimens, one from Cuba, one from Savan- 
nah, Georgia; these are the same species, and I find no differences 
between (\iban and United States material but with greater dif- 
ferences between various specimens in the United States. Thus Van 
der Week’s subspecies, hageni, becomes a synonym of senex. 

Van der Weele, having seen a specimen in the Berlin Museum 
labeled ^Uinmndus**, surmised that it might be a Hagen type, and 
said the antennae were no longer than usual in senex, and that Hagen 
liad niad(* a mistake, and put avunculus as a synonym of senes. 
The two types of avunculus are here, both males, and with the an- 
tennae over thirty millimeters long, so distinct from senes. Prof. 
Smith listed from Haiti several species, which to me are only speci- 
mens of sancti-domingi in varying conditions. But one of them is 
so different T shall describe it as new. 

Of the species macleayana, that Ouilding described from St. Vin- 
cent, I have sooji no specimens, and the photograph shows little, if 
anything, to separate it from sancii-hiciae Weele. 

The species in the collection can be tabulated as follows: 

1. Hail* on lower face dark; stigma never dark; large species 3 

Hair on lower face white or almost so 

2. In himl wing behind tho bend of the first anal the wing is so swollen that 

the m*tw()rk of cross veins extends past the bend toward the base of 
wing; four cross veins before radial seetor in fore wing — i)il1osus (ampla) 
In hind wing the network is interrupted behind the bend of the first anal, 
the wing being more narrow; three cross-veins before radial sector in 

fore wings walkeH 

8. Antennae of male over 30 millimeters long, much longer than wings; 

femora as wdl as tibia very pale av’imcutus 

Antennae of male not 30 millimeters long 

4. Htigma in both wings plainly dark (except in teneral specimens) ; femora 
i*athcr (»v<»nly dark; hair on front of mesouotum normally dark 7 
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Stigma in both wings very pale or yellow; small species 5 

5. Alid and hind femora pale, but with dark apical band; white hair on 

front of mesonotum; much wliite hair in tuft at base of antennae; 

stigma yellow smithi 

Hair on mesonotum plainly dark, mid and hind femora more evenly dark— 6 

6. Male with a dark spot by stigma of fore wing, female with spot in hind 

wing opposita 

Male without dark spot in fore wing; vertex a little more narrow hanlsi 

7. In fore wings the tip slightly more acute; siigma usually covering four 

veinlets, longer than Mgh_^ 8 

In fore wings the tip rounded; stigma Sorter, usually higrer than 
long saneti’dovningi 

8. Prom Cuba and Bahamas; venation of apical part of wing denser, between 

the tliiid and fourth branches of the radial sector nine to twelve or 

or more cells senex 

Prom St. Lucia ; venation less dense, between the third and fourth branches 
of the radial sector eight or less cells sarwM-lueia 

riulodeii villosus Pal. de Beanv. 

The C’. amplu MeLaeh is considered a synonym of this by Van 
dcr Weele, and doubtless correctly, as there is probably not another 
species so large from San Domingo, The Museum has ten specimens 
from Samana Bay. Its large size and tinted wings readily separate 
it from all other except F. walkeri. 

riulodes walJceri Weele 

Separated from V. villosus by the narrower wings, especially the 
hind pair, and darker hair on head. In the collection is one speci- 
men from Poey, wholly pale-winged, and a veiy dai'k-winged speci- 
men from the coast 1)elow Pico Tia-quino, 26 to 30 June (Darlington). 
The tips of hind wings are almost Hack. It was described from 
Jamaica. 

Vlulodes senex Burm. 

The two tj’pes (both females) are here; I can see no diflference 
between them that is not found in greater degree in U. S. and Cuban 
specimens. It is common in Central and Western Cuba. Both male 
and female sometimes have a dark spot near stigma in hind vdag; 
in some specimens ihe whole wing is suffused with yellowish brown. 
In two specimens (Hope, Arkansas and Dallas, Texas) there are 
four cross-veins before radial sector in the front wing of one side; 
in one (San Antonio, Texas) there are four in both front wings and 

tw 0 in each hind wing. The hair of the antennal tuft is white in 
iroiii. 
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TJluIodes avunculus Hag. 

The two types (both males) are here; the antennae are over 
W mni. long, much longer tlian wings; l)oth are from Poey, no 
definite locality ; there is also another Poey male, collected later, and 
In 1936 Darlington took a male on the south side of Pico Turquino, 
Oriente, Cuba, 11 June, at 3 to 5,000 feet. I am not sure of the 
female; there is a female bearing the same number as Poey’s third 
specimen; it is very similar to seneji. The species is probably con- 
fined to Eastern Cuba. 

Vlulodes sancfudmningi Weele 

This species is extremely close to TJ, senex, and shows the same 
(*olor valuations, sometimes a dai*k cloud in apex of hind wing, some- 
times the whole wing tinted with yellowish brown. About the only 
character to distinguish it is the shorter stigma; the tip of wings 
is more rounded than in setux, but the difference is slight. 

What Prof. R. C. Smith listed as IL villosus and as TJ venezolensis 
^re this species; while the form called U subvevtejis is different and 
I described it as new — V. smifhi, 

I 

XJlulodes sawti-luciae Weele 

Of this I have but one specimen from St. Lucia. It was described 
from one male from St. Lucia; had it been from Cuba I think it 
vrould be put with U, senvx, the venation is less dense than in semoi 
but not strikingly so. 


Ululodes smithi sp. nov. 

Face mostly dark; hair on lower part wliite, that at base of antennae largely 
white, hut dark behind; hair on pronotum white, on front of mesonotum also 
white, above on mesonotum pale gray. Abdomen (9) pale, with many black 
lines on sides, and above on several segments a median dark line, and on each 
side the elongate triangular mark as usual, with a small spot before it; apical 
segment largely pale, a median black stripe, and on each side a dark spot on 
the hind margin; legs pale, but mid and hind femora darkened toward tip, and 
the tibia within dark, tarsus mostly dark. 

Wings hyaline, veins mostly dark, stigma in both wings plainly y^owish; 
in hind wings of female a dark spot behind stigma. Venation and shape of 
wing much as in somoti-domingi, apical field ratlier evenly three-celled; size of 
sancti-domingL 

From Port-au-Prince, Haiti, 23 Aug. (Smith). Type M.C.Z. No. 23192. 

This was treated by Smith (Hasdi Neuroptera) as subvertem 
Walk., a South American species with broader wings, hardly any 
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white in antenal tuft, etc. A male from the same locality has the 
antennal tuft darker and darker hair on mesonotum, and may be- 
long to this species. 

mulodes opposita sp. nov. 

Face mostly dark, hair on lower part white, the tuft at base on antennae 
with a little white in front, but mostly dark; antennae pale, with dark apical 
ring on ea«di joint, tip brown; hair on the pronotum white, that on mesonotum 
dark gray to brown; pleura with long white hair. Legs pale, the hind femora 
rather evenly broun; abdomen of male dull black, above with a velvety stripe, 
broader in fiont, on each side of segments two, three, and four, between these 
marks is a median x>ollinose stripe ; hair black, except toward base beneath where 
it is white; abdomen of female mostly black, above on second, third, and fourth 
segments mostly pale, with black lines, last segments above mostly black, with a 
l»ale median line on apical half. 

Wings hyaline; veins mostly dark; stigma, in both wings, pale yellowish, 
over four veinlets, a little longer than high; tips of wings rounded; venation 
rathei open, apical field with three or four rows of cells; in female a large black 
spot behind and beyond stigma in hind wings; in male with a more rounded 
bla<'k spot }>eyond stigma in the fore wings. 

Length of fore wing, male, 22 mm., width 6 mm. 

Length of foie wing, female, 23 mm., width 6.8 mm. 

Length of antenna, male 21 mm., of female 22 mm. 

From Csxho Rojo, Puerto Rico, near lighthouse, 4 November. G. N. Wolcott 
and L. P. Martorell. Type M.C.Z. No. 23193, 

Unique in the genus in having a black spot in the fore wings. 

rhiJodes hanksi Weele 

Of this Jamaican species we have but one specimen; Kingston, 
29 Aug. (Darlington). It is very similar to TJ, opposita, except that 
the male has no black spot in apex of fore wing. It is a little smaller, 
ajid the wings more narrow 
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EUXEt^TA STIGMATIA8 LOEW, AN OTITID PLY INFESTING 
EAR CORN IN PUERTO RICO 


By Bernard A. App, Bureau of Eutomology and Plant Quarentine, U. S. 

Department of Agiiculture. 

This paper reports the results of observations made on the otitid 
fly Euxesia stigynatias Loew in connection with investigations on 
insects attacking corn in Puerto Rico under special funds provided 
to the Bureau of Entomology and Plant Quarantine of the U. S. 
Department of Agriculture. The studies were conducted in coopera- 
tion with the Experiment Station of the U. S. Department of Agri- 
eutulre at Mayagiiez, P. R,, where laboratory and other facilities 
were provided for the work. The Isabela Substation of the Agri- 
cultural Experiment Station of the University of Puerto Rico, Rio 
Piedras, also cooperated in supplying plots for some of the experi- 
ments. Acknowledgement is also made of the adduce and assistance 
rendered by various membei’s of the Station staff. The observations 
were made from August 1933 to June 1936. 

When these studies were begun, corn ears were found infested 
with dipterous maggots, which caused a very unsightly and malodor- 
ous condition, spoiling many ears for market as roasting ears. It 
was at first thought that the high humidity and heat prevailing im 
Puerto Rico had caused the silks to rot and that the maggots were 
feeding on this decaying material. The large number of ears to 
infested, however, seamed to indicate that these maggots were in- 
flicting primaiy injury to corn. Further examination disclosed many 
whitish, elongate eggs deposited on fresh silks near the juncture with 
the husks. Some of these eggs, together with maggots from infested 
ears, were taken to the laboratory and reared to maturity on fresh 
corn silks, and were thus found to repesent the same species. Sam- 
ples of both lots were sent to Washington, where they were deter- 
mined as the otitid fly Euxesta stiginatias Loew (fig. 1). 

Distribution 

This fiy seems to be generally distributed throughout the tropical 
part of the Western Ilemisphere. Records of the U. S. National 
Museum show it to be reported from the following locations: 

i«i 
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West Indies: Puerto Rico, Cuba, Dominican Republic, Nassau, 
Virgin Islands. 

British West Indies: Barbados, Dominica, St. Vincent, Jamaica. 
Central America: Canal Zone, Panama. 

South America: Brazil, Bolivia, Paraguay, Peru. 

North America: Mexico, Florida. 

According to these, records the fly has been taken on sugar- 
cane, guava, corn, Eugenia spp., orange, and the stem of banana. 


Abundance 

No field of cox*n in the ear stage vras examined in which this mag- 
got was not present, and usually infesting a large majority of the 
eais. The percentage of infested ears seems dependent on the stage 
of maturity of the corn. The ears usually become infested when 
They are one to two weeks past silking, but as the com matures the 
maggots leave the ears to pupate. Table I gives the percentage of 
infested ears in some fields examined throughout the period of ob- 
servation. Field counts were made nearly every month and showed 
the fly to be present at all seasons. 


Table l-PERCENTAGE OF CORN EARS INFESTED WITH MAGGOTS OF EUXE8TA 
STIGMATIAS IN DIFFERENT FIELDS EXAMINED IN PUERTO RICO 


September 3 
October 14. 
November 6 
December 16, 


January S. . . 
February Z . . 

May 11 

June 1 

June 5 


Date of Examination 


1935 


1936 


Locality 

Infested 

Ears 

Percent 

Isabela 

67.0 

Isabela 

31.0 

Isabela 

28,0 

Las Mesas (Maya- 
guez) 

30.0 

Lajas 

68.0 

MayagUez 

92.9 

Isabela 

97.0 

Mayagiiez 

96.0 

Isabela 

1 

92.0 


Damage 

There is little exterior evidence of the infestation, as the silks 
usually dry in the normal manner. Examination of an infested ear 
reveals that inside the husks, from the tip where the eggs hatched, 
the silks are rotted down to the grain. The kernels on the tip of 
the ear are only hollow shells, the ma^ot having consumed their 
entire contents. The maggots work between the rows of grain near 
the cob, they enter the kernal at the bottom, consuming its contents 
and leaving a hollow shell, and then attack the next kernel. In most 
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cases only a few kernels at the tip are destroyed, but many ears were 
infested with maggots in their entire length. Frequently maggots 
were working in the pith of the ear, which resulted in a stunted, soft 
ear bearing grain of little value, when any was produced. In field 
com most of the maggots had pupated by the time it was ready to 
harvest. A mold seems to follow the feeding of these maggots, 
making it impossible to leave seed ears in the field until fully 
mature. Perhaps the greatest damage caused by this insect is the 
reduction of the market value of roasting ears by the unsightly 
and malodorous condition imparted to them. 

Life History and Description of Stages 

Egga , — The minute, elongate, whitish eggs (fig. 2) are laid just 
below the tips of the husks, and usually in strings fastened end to 
end. During oviposition the female stands on the ear and curves 
her ovipositor down below the tip of the husk. Some eggs are laid 
as soon as the silks appear, and as the silks grow out the eggs are 
pushed out with them and remain attached to them. More often, 
however, the eggs are laid after the silks have grown out, and they 
remain just below the tip of the husk until they hatch. Of 200 
plants examined during December 1935, 191 were observed to produce 
silk, and of this number 189, or 98,9 percent, were infested with 
eggs of this otitid. On this group of plants the silks became infested 
with eggs on an average of 1,12 days after they appeared. The num- 
ber of eggs laid on one ear ranged from a few dozen to several 
hundred. Some of the eggs are lost as thei silks grow out, but six 
ears brought into the laboratory were found to contain 558, 685, 47, 
146, 431, and 248 eggs, respectively, or an average of 352,5 e^s 
per ear. The length of the egg si age is from two to four days. In 
the fall of 1935 a samjile of eggs began hatching on the second day 
after deposition and completed hatching by the fourth day. On 
June 18, 1936, some eggs laid the previous day were brought into 
the laboratory, where they began hatching on June 21 and completed 
hatching by June 22. 

Larvae . — The larvae are also minute and w^hite in color, with 
darker spiracles and mouth parts. They begin feeding on the fresh 
silks and work down to the developing grain. When full grown 
(fig. 3), they are about tliree-eighths of an inch long. One ear may 
contain a few to several hundred maggots. Five ears brought into 
the laboratory were found to contain 545, 113, 108, 106, and 199 
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larvae, respectively, or an average of 214.2 per ear. Of 200 plants 
examined daily in the fall of 1935, 191 were observed to silk and 
188, or 98.0 percent, because infested. The average length of the 
larval stage, based on to samples, was 7.46 days (table 2). 

The Pupae . — ^The pupal stage of the fly is passed in a small, 
brown puparium about one-eighth of an inch in length (fig. 4). In 
the early stages it is light brown in color, but a it grows older it 
changes to a dark brown. Before pupation the maggots leave their 
feeding places and migrate to drier locations. In the laboratory they 
readily pupated in moist sand, into which they* burrowed to the 
depth of about one-fourth of an inch. Some puparia were found on 
the tips of the ears among the dry silks, but as only a few were 
found it is probable that most of the maggots pupate in the soil. 
The average length of the pupal stage wns 7.38 days, on the basis 
of ten samples reared to maturity. 


Table 2-DrRATION OF LARVAL AND PUPAL STAGES OP EUXESTA STLMATIASi 
MAYAGUEZ, P. B., 1935-36 


Sample 

Iatvi^ stage 

Pupal stage 

Individuals 

Mean 

duration 

Individuals 

Mean 

duration 

Number 

Days 

Number 

Days 

1 

19 

7 42 

19 

7.74 


7 

7.00 

7 

7.14 


8 

7.50 

7 

7.64 


12 

6.58 

12 

8.09 


13 

7.31 

11 

7 14 


13 

7 46 

10 

7 74 

7 

17 ! 

0 06 

12 

6 32 


15 


13 

7.70 


18 

7.33 

11 

7 12 


8 

7.88 

5| 

6.92 

Total or average 

130 

7 46 

107 

7.38 


Adults . — ^The adult is a small fly of a dark metallic green color 
with reddish eyes and wings banded with black (fig. 1). The wings 
are constantly in motion even when the insect is otherwise at rest. 
The adults are very abundant in cornfields, where they seem to 
cluster about the parts of the plant that are likely to be moist, 
such as the tassel and the silks. They were observed ovipositing on 
the larvas of young eoiui, but no larvae seemed to come from 
Uiese eggs. As many- as five females have been observed ovipositing 
on the same ear at the same time. 
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Control 

No attempt was made to control the larvae of thib insect in the 
investigations carried on in Puerto Rico in 1935 and 1936. The 
protected location of the eggs and the habits of the young maggots 
in entering the ears after hatching would make control rather dif- 
ficult. However, some of the experimental control measures used 
against the corn ear worm (Hcliothis obsoleta P.) were found to 
reduce the number of ears infested with Euxesta maggots. The 
results are shown in table 3. 

Because most of the eggs are laid below the tips of the husks and 
the maggots feed inside the husks, poisoning with insecticides was 
difficult. All the insecticides tested, how’ever, reduced the infesta- 
tion in some degree, and they all gave better results in the tests 
completed in June than in those completed in February. This is, 
no doubt, due lo the fact that the fall applications of dust to the 
silks were delayed until approximately 50 percent of plants had 
silk, whereas the sprmg applications were begun soon after the 
first silk was observed and continued until silks were dry. 

Several hand methods of control also reduced ihe number of in- 
fested ears. Cutting the silks and squeezing the tips of the ears 
had little effect on the larvae. When the silks were cut the field 
deposited numerous eggs on the cut tips. Those methods that cov- 
ered the ear or constricted the husk gave better results than other 
methods. A paper tip consisted of a piece of brown wrapping paper 
rolled around the tip of the ear and tied securely with string. These 
tips were applied soon after the plants silked. The wires, hog ringwS, 
and strings were also applied as soon as possible without interfering 
with pollination. The effect of wures and hog rings was about the 
same as that of the paper tips, but the strings gave poorer results. 
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Summary 

The otitid fly Euxesta sHgmaiias Loew is a serious pest of corn, 
especially roasting ears for market purposes, in Puerto Rico. The 
maggots have been observed in all sections of the island and at all 
seasons of the year. The pest at present seems to be restricted to 
a tropical habitat, so far as collection records of this insect are known. 
In most fields examined a large percentage of the ears were infested, 
and manj’ entire ears were destroyed. Under laboratory conditions 
the fly was reared from egg to adult in as few as 18 days; so there 
are many generations during a year. 

Although no special studies were made on control, in some ex- 
periments in control of the corn ear worm there was a reduction in 
the number of ears infested with maggots of Euxesta stigmatias, 
which sntggests that some of these measures may also be useful in 
controlling this pest. 



Explanation of Plates 

Pig. 1. — ^Adult of Euxesta stigmatias Locw, the larvae of ■whicJi 
cause damage to roasting ears in Puerto Bico. 

Pig. 2. — ^Egg of E'lixesta siigmafias. 

Pig. 3A — Larva of Euxesta stigmaiias, lateral view. B — Pos- 
terior view. C — ^Posterior spiracle. D — ^Anterior spiracle. 

Pig. 4A. — ^Puparium of Euxesta sfigmatias, lateral view. B — 
Posterior view. C — ^Posterior spiracle. D — Anterior figiinele. 





DESCRIPTION AND BIOLOGIC NOTES ON A TIPEIA 
(HTMENOPTEBA: SCOLIIDAE) FROM HAITI 

By Geoboe K. Wolcott, Bwtomc^gist, 

Agricultural Expeiiiuent Station, Bio Piedraa, P. B. 

The normal scarcity of white grubs in cultivated fields in Haiti 
seemed most remarkable to one accustomed to their former great 
abundance in Puerto Rico. To be sure, the introduction of the giant 
Surinam toad, Bufo mcMrinus L., into Puerto Rico from Barbados 
and Jamaica, and its rapid increase in numbers, largely feeding 
on May beetles (which are the adults of white grubs), has recently 
so greatly reduced the numbers of white grubs to be found in the 
cane fields of Puerto Rican lowlands (3) that conditions in the two 
countries now appear substantially similar. But until a few months 
ago, no introduced Surinam toad was present in Haiti, and the native 
toad of Haiti, Bufo gxofturosus Latreille, was no more noticeably 
abundant than the comparable native toad of Puerto Rico, Bufo 
hmur Cope. The little burrowing owl, Speyotyto citnicularia tro- 
glodytes Wetmore & Swales, quite abundant in Hispaniola, but not 
present in Puerto Rico, may be a considerable factor in reducing 
the number of May beetles, altho the only stomach contents record 
gives no indication that the owl eats this particular kind of beetle 
(2). Indeed, the most obvious factor in white grub control in Haiti 
is the abundance of the parasitic wasps belonging to the genus 
Tiphia, 

In all the j'ears that numerous entomologists have been collecting 
insects since tlie time of Stahl and Gundlach, only four specimens 
of Tiphia, all of which now repose in the IT. S. National Museum, 
have been collected in Puerto Rico. In Haiti, on the contrary, 
several individual collections of adults of both sexes were made by 
ihe writer from time to time at various localities in the lowlands, 
and the number to be seen at Kenscoff the first time it was visited 
was so large that the actual number of specimens collected can 
hardly give a correct impression of the abundance of Tvphid. Sub- 
sequent visits only served to confirm this preliminary observation of 
its abundance in the mountains of Haiti. While the wasps occur 
on various plants, and feeding at various flowers, they greatly prefer 
those of the wild parsnip, Pastmaca satwa L., or the minute droplets 
of honey dew to be found on sooty mold blackened leaves of guava 
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bushes infested with the green scale, Coccus viridis Green. They 
are to be noted feeding only in the bright sunshine, and appear to 
be more abundant and larger in size at the higher altitudes, specifi- 
cally at Kenscolf (elevation 1,450 meters) up to the pass on the 
old trail lo Furcy. The records of former collections, copied from 
specimens and the accession cards of the Division of Entomology at 
Damien, are as follows: 


FEMALES 


Haiti 

Acc. 

No. 

Locality 

Bate 

Host 

Collector 

Number 

of 

Specimens 

*58-27.... 

Vf; Piiflsfwtrpaii 

May 28, 1927 

Wfirt carrot 

gnw 

1 

Prwt. f'ho.nhertj Tron__ 

Nov. 10, 1927 


GNW 

1 


ITATisftrtfT \ 

Nov. 23, 1927 

Piutinaca 

GNW 

2 


TTAtlfiAAff 

Jan. 5, 1928 . . . 

PoatiTuaeti 

GNW 

1 


ITAnsnoff 

May 10, 1927 

Cabbage 

E. Ducasse . . . 

1 

174-28. . 

Kenscoiff 

March 14, 1928.... 

£. Bucasse. . . 

2 


Mirebalais 

Aug. 9, 1928 


R. C. Smith.. 

2 

118-33... 

Mome La Selle 

Sept. 1933 


A. Audant 

1 

74-34 .. 

Moame La Selle 

June, 1934 


A. Audant... 

1 



MALES 





Mt. Foilsboreau. . . ... . 

Nov. 9, 1927 

Goava ' 

‘ GNW^ 

1 


Le Trou 

Nov. 10, 1927 

Guava 

GNW 

1 

58-27.... 

Kenscoif 

April, 1927 

Piutinaca 

GNW 

1 

Eenscofi 

Nov. 23, 1927 

Pastinoca 

GNW 

17 

S-28 .. . 

Port-au-Prince 

Jan. 12, 1928 


gnw 

1 

171-28 . 

Eenscoff 

March 14, 1928. . 

Clerodendion . . 

B. Bucasse . . 

4 


Eenscofl 

April 4 & 26, 1927.. 

Beans 

E. Bucasse. . . 

11 

59-28.... 

Port-au-Prince 

Amy, 1928 


A. Audant. . . 

2 


Mirebalais 

August 9, 1928 . . . 


E. C. Smith.. 

1 


Hincbe 

August 30, 1930.. 


H. L. Dozier. . 

1 


EenscofT 

August 24, 1930. . . 


H. L. Dozier . 

4 

104-33... 

Mome La ^Ue 

Sept., 1933 


A. Audant... . 

2 

74^,. . 

Mome La Selle 

June, 1934 


A. Audant.... 

1 


A study of the specimens remaining in the collection at Damien, 
together with fresh material collected at KenscofiE in December 1987, 
indicates that all represent but a single species, for which the name 
hispanioluc is proposed. This species may be characterized as fol- 
lo^\'s : 

Tiphia hispaniolae sp. nov. 

Female . — Entirely black, polished, length 15 mm.; head, basal segment of 
antenna, anterior dorsal pronotum, scntnni, legs and posterior margins of 
abdominal segments with long silvery hairs. Head, eoaisely but unevenly 
punctate, as is also anterior pronotum, with a line of deep punctures almost 
coalescing to form a deep transverse groove with posteriorly pointing hairs, 
posterior and lateral pronotum polished and impunctate. Notauli of scutum 
ending in deep punctures before base, no antero-medial groove, scutum coarsdy 
but sparingly punctate. Preapical groove on posterior aspect of mesepistemum. 
Prepodeal areola almost twice as long as broad, anterior lateral margins slightly 
curved outwards, posteriorly straight and parallel, median carina not reaching 
apex. Median carina of posterior aspect extending nearly to apex. Wings 
translucent black, lighter in marginal and radial cells, with transparent lines 
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paralleling the opaque black veins to outer margin. Second intercubital vein 
somewhat sinuous, joining the radius in a broadly rounded angle. Cubital mark 
present in large individuals, only at marginal vein in smaller specimens. Hind 
basitarus not grooved, major calcarium of hind tibia only slightly wider towards 
middle than at base. First tergite of abdomen with very deep preapical groove, 
all tergites anteriorly lightly punctured, postmedially almost impunctate, a 
transverse row of punctures near apex. Pygidium deeply impuetate only on 
basal half. 

Described from 33 speeimeais, Haiti & Puerto Rico Acc. No. 
133-37, collected between Kenscoff and Piircy, Haiti, elevation about 
1,700 meters, December 5, 1937 by George N. Wolcott. 

Male. — ^Blaek, polished, length 9 mm., punctures and pubeseenee much finer 
than in female, in this respect quite unlike Tiphia argentipes of Cuba, which 
Cresson (1) describes as ^^more slender and hairy (than the female); the punc- 
tures of the mesothorax and abdomen deeper and closer. Radial cell greatly 
exceeding second cubital, basal half and apical margin of forewing hyaline, 
elsewhere fuscous, basal third only not pnbsecent, veins black. No denticle on 
fifth stemite of abdomen. First tergite with deep preapical groove and earina, 
also a prominent median transverse earina. Oresson mentions no such median 
caiina, in his description of argentipes; Miss Sandlxouse states that it does not 
occur in the Puerto Bican males; it does not appear on a single male collected at 
h^antiago, Eepfiblica Dominicana, by S. del Bosario on March 26, 19S6, and now 
in the collection of the College of Agriculture at Mayagiiez, P. B., loaned to me 
for study by Dr, Stuart T, Banforth; therefore this character appears to be 
distinctive for the males of this species, separating it from others of the Greater 
Antilles. 

Desei'ibed from a single specimen (TYPE) out of 5 examples, 
Haiti & Puerto Rico Acc. No. 136-37, collected at KenseoflE, Haiti, 
December 13, 1937 by George N. Wolcott, compared with 12 ex- 
amples, Haiti Acc. No. 59-27, collected at Kenscoff, November 23, 
1927 by George N. Wolcott. Type an*d accompanying females for 
the IT. S. National liluseum, others for the British Museum, the bulk 
of the material in the collection at the Agricultural Experiment 
Station at Rio Piedras, P. R. and at Damien, Haiti. 

The Ma}’^ beetles of Haiti vary tremenduously in size (4) ; and 
no information is available as to which of these several species of 
wliite grub is attacked by Tiphia hispaniolae. It is possible, how- 
ever, that despite the selectivity displayed by continental species of 
Tiphia^ different instars of approximately the same size of most or 
all of the grubs of Haiti are attacked by the females of the single 
species of Tiphia found there. If the Haitian Tiphia is in fact so 
unselective in its attack on white grubs, presumably it would attack 
other species of white grubs in an environment similar to that of 
Haiti. This would make it a most valuable addition to the fauna 
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of Puerto Rico, more especially at the higher altitudes where it 
thrives, but where Biifo marinns does not and is thus of so little 
value in white grub control. 

Literature : 

1. Cresson, E. T., ‘‘On the Hjunenoptera of Cuba.” Proc. Ent. 
Soc. Philadelphia, pp. 1-200 (see p. 117), January, 1865. 

2. Danforth, S. T., “Notes on the Birds of Hispaniola. Auk, 
46:358-375 (see p. 368). July, 1929. 

3. Wolcott, Gr. N., “The White Grub Problem in Puerto Rico.’^ 
Fifth Congress, International Soc. Sugar Cane Technologists, pp. 
445-456, fig. 5, ref. 11. Brisbane, Queensland, 1936. 

4. Wolcott, O. N., “The May Beetles of Haiti (Scarabaeidae : 
Coleoptera).” Proc. Ent. Soc. Washington, 30(2) : 21-29, fig. 3, ref. 
5,- March 24, 1928. 



the INTEODUOTION into PUERTO MOO OP LAEBA AME- 
RICANA SAUSSUEB, A SPECIFIG PARASITE OF THE 
“GHAN6A”, OR PUERTO RICAN MOLE-CRICEET, 
8CAPTERI8CU8 VICINU8 SOUDDER 

By OnaBOE N. 'WoiiOOTT, Entomologist, 

Agricultural Experiment Statiort, Bio Piedras, P. B. 

For many years young tobacco plants in Puerto Rico have suf- 
fered from the attack of an insect called by the growers the ‘‘changa’’. 
Its scientific name is Scapteriscus vicimis Scudder, and, altho it ia 
not a native insect, but, merely due to the fact that it appears to be 
more abundant and to cause more damage in Puerto Rico, it has 
ordinarily been known elsewhere as the Puerto Rican mole-cricket. 
(%. 1 .) 

The change occurs mostly in light sandy soils, thru which it can 
readily burrow with its powerful shovel-shaped front legs. During 
dry weather it remains at considerable depths in the soil, but during 
wet weather it comes up, making mole-like burrows just below the 
surface, feeding on the tender centers of the stalks of whatever 
young plants may happen to be there. It does not confine its attack 
to tobacco; it merely happens that the best tobacco soils are also 
the light sandy soils best adapted to the changa. When such soils 
are planted to sugar-cane, the changa attacks the young cane shoot 
quite as readily, and the presence of the changa makes vegetable 
grorwing practically impossible in many localities where otherwise it 
might be a profitable practise. 

The changa can be, and is, artificially controlled. Many years 
ago tobacco growers learned that by wrapping each young trans- 
planted tobacco plant in a broad, tough leaf of the mamey tree, 
Mammea americana L., it would be protected against attack by the 
mole-crieket until it had grown sufficiently large and tough to be 
no longer subject to injury. Cane-growers learned that, instead of 
placing the cane '"seed” piece horizontally in the ground and lightly 
burying it, if stuck in at an angle, roots would start from the lower 
end deep in the soil, and the upper eyes would send out shoots above 
the surface of the soil, out of reach of the attack of the changa. 
Some v^tablea can be protected by the method used for young 
tobacco plants; others can not be grown in ‘‘changa’' soils, and 
their cultivation is no longer attempted there. It should be es- 
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PIG-. 1. The '*01ianga’% or Puerto Bican Mole- 
Ciicket, Scapteriseus vicinus Scudder, dorsal 
aspect. Six times natural size. 

(Drawn hy F. Sein.) 
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specially noted, however, that these methods of preventing changa 
injury do not kill the pest, or even tend to reduce its numbers ; they 
merely protect individual plants from attack at that time, and must 
be repeated for each succeeding crop. Indeed, while reasonably well 
adapted to small scale cultivation in some tobacco regions, they 
quickly tend to exhaust all possible supplies of fresh mamey leaves 
for rapidly expanding, large scale plantation production. 

A positive method for destro 3 n[ng the changa (2 and 6), consists 
in the application around each tobacco plant, as set out in the 
field, of a ring of wheat flour and Paris green, the mixture con- 
taining twenty to fifty times as much bait as poison. This poison 
bait is also applicable for other crops, when distributed as lumps 
in the prepared field before the crop is planted. The wheat flour 
proves to be more attractive to the insect than any green vegeta- 
tion, and is promptly eaten in such quantities that the admixed poison 
causes death. Because of its ef&ectiveness in ensuring an even 
stand of tobacco, and despite the very considerable expense involved, 
this method is in extensive use in Puerto Rico at the present time. 
No other method suggested even approaches it in value. Manu- 
facturers of aluminum foil suggested that their product might prove 
more desirable than mamey leaves, but the changa promptly burrows 
thru any thickness of foil which can be readily wrapped around the 
roots of a seedling, and also, the foil does not rot and naturally 
disappear, as do the mamey leaves, when the tougher and older 
tobacco plant no longer needs protection. Nor do suggested improve- 
ments in the Paris green-flour mixture appear to be applicable in 
Puerto Rico, where the original formula is still universally used. 
Indeed, the sole objections to its use are on the basis of cost and 
trouble of application. 

Naturally, the control of the changa by natural means has re- 
peatedly been suggested, but the birds which are large enough to 
be effective (10) , are scarce or non-existent in the thickly settled re- 
gions where tobacco is grown. The large ground lizard, Ameiva 
exsul Cope, which also feeds on the changa (14), is almost equally 
scarce where its presence would be of economic value. Much was 
expected of the giant Surinam toad, for the changa is more or less 
comparable in size, terrestrial habits and clumsiness to the May 
beetle, yet at the time when the toad was most abundant and was 
most effective in rapidly reducing the numbers of the May beetle, 
the changa formed but an insignificant fraction (only 2.4 per cent) 
of its food (7), and the proportion has not since been increased (16). 
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The searoiiy, or comparative inefficiency in the control of the 
changa, of all of these larger predators does not by any means 
eliminate all possibilities of natural control. The search abroad for 
a specific insect parasitic only on Puerto Rican white grubs was 
fundamentally hopeless because the local species are endemic and 
present nowhere else. But the Puerto Rican mole-cricket is un- 
questionably an introducted insect, as many of the older tobacco 
growei-s could remember a time when it was not present to trouble 
them. Tradition indicates its appearance after the distribution of 
a shipment of Peruvian guano followed by the destruction by hur- 
ricane of most of the lai^e birds which might have consumed these 
first few introduced individuals. It is not mentioned by Ledru (8), 
and Busck (3) notes that Dr. Augustin Stahl, the first Puerto Rican 
naturalist, told him that ‘^it was a comparatively new insect in Porto 
Rico, having been introduced within his recollection.'' Its subse- 
quent abundance in Puerto Rico unquestionably indicates that it has 
here escaped from its effective natural enemies, and that a search 
for them abroad might furnish the key to its control in Puerto Rico. 

The establishment of the Board of Commissioners of Agriculture 
in 1911 made possible the first attempt at such a search, Mr. Patrico 
Cardin, recently graduated from Massachussets Agricultural Col- 
lege and promptly appointed Entomologist at the Experiment Sta- 
tion at Santiago de las Vegas, Cuba, had indeed reported such a 
specific parasite (4), and the writer, at that time employed by the 
Board in the collection and shipment of parasites of white grubs, 
was sent to Cuba to investigate. The sole basis for Cardin's state- 
ment was a single cocoon which he had picked up in a field being 
plowed, from which the Tiphm wasp had emerged, but in the silken 
network of threads on the outside of which was still entangled what 
he supposed to be the skeletal remains of a changa. A more critical 
examination indicated that what he supposed to be the burrowing 
forelegs of a changa were in fact the jaws of a white grub. 

To more securely establish the actual occurrence of the mole- 
cricket in Cuba, previously recorded by Cook (6) as being present 
at Santiago de las Vegas, but of which no specimens remained in 
the collection, Cardin organized an expedition from the tobacco 
center of San Juan y ilartinez on one of the holidays when he was 
free to be absent from his office in the Experiment Station. The 
imposing cavalcade, starting long before daybreak, sent out several 
messengers explaining the object of our search, but it was not until 
nearly noon, as we wei*e feasting on roast pork and other native 
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dishes in the shade of a clump of royal palms grouped around a 
spring, that ■vre were interrupted hy an excited and shouting rider 
bearing a single but unquestionable mole-cricket. Somewhat crest- 
fallen at the reward of a $5 bill, he was only partially satisfied when 
assured that this was the equivalent of the solid silver dollai-s wliich 
he had anticipated. What became of this dearly obtained specimen 
is uncertain, for it has not recently been found in the collections in 
Cuba, Puerto Eico or at Washii^on. The difficulty of obtaining it, 
however, coupled with the youthfulness and inexperience of the 
writer, precluded the further prosecution of a search for its possible 
parasite at that time. 

The erroneousness of Cardin’s original observation should not 
obscure the fact that true parasites of mole-crickets do occur in va- 
rious parts of the world. Possibly the best known is Larra luzon- 
ensis Rohwer, which was discovered in 1917 in the Philippine Is- 
lands by Mr. P. X. Williams of the Hawaiian Sugar Producers’ 
Association Experiment Station when he was searching for a para- 
site of Gryllotalpa africavia P. B. (11). This mole-cricket, acci- 
dentally introduced into Hawaii, was a serious pest of sugar-cane 
there until Mr. 0. E. Pemberton brought cocoons of the wasp from 
the Philippines to Hawaii, and reared and successfully established 
the parasite there (12). Each parasite of each species of mole- 
cricket is specific for that kind of mole-cricket only, thus at once 
indicating the uselessness of attempting the introduction into Puerto 
Rico for the control of the ehanga of the wasp which has been so 
effective in the control of the mole-cricket in Hawaii. Not only 
are they different species, the two mole-crickets are in different 
genera, and hopelessly unlike fi*om the standpoint of their parasites. 

The logical place to commence the search for a desired parasite 
is in a country with a similar climate, where the identical host is 
known to be present, but, presumably due to its pai*asite, not abun- 
dant. In every way, Cuba appeared to be the most desirable place 
for commencing a search for a parasite of 8eapteriscm vieinus Scud- 
der, the “ehanga” of Puerto Rico. As tentative plans were being 
made however, the Entomologist at present at the Experiment Station 
at Santiago de las Vegas, Mr. S. 0. Bruner, sent word that a recent 
determination of all the mole-cricket specimens in the Station col- 
lection by Mr. J. A. G. Rehn, of the PMladriphia Academy of Natural 
Sciences, the recognized specialist in this group, showed them to be 
Gryllotalpa hexadactyla Perty (fig. 2), and that the Puerto Rican 
ehanga apparently did not occur in Cuba (9) . There is no record of a 
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mole-ericket in Jamaica, and those from Hispaniola were open to doubt. 
Concerning the Lesser Antilles little definite information was avail- 
able, but in Trinidad the writer had collected a number of speci- 
mens in 1912, which were still present in the collection at Rio Pie- 
dras, and were unquestionably the same as the Puerto Rican species. 
At the time of their collection, various persons in Trinidad were 
questioned as to the status of the insect, but they knew it only 
from its injury to cricket fields, and not as a pest to agi-iculture. 

Due to the close proximity of Trinidad to the continent of South 
America, it was to be supposed that any continental parasite of 
the mole-cricket would also be present there, and indeed, the presence 
of a parasite might be inferred from the supposed scarcity of the 
host. Furthermore, Trinidad is now so close to Puerto Rico by 
airplane that the problem of transporting the inferred parasite would 
be correspondingly simple. 

The month of January 1936 was spent l)y the writer in Trinidad, 
where, thru the courtesy of Sir Geoffrey Evans, Principal of the 
Imperial College of Tropical Agriculture at St. Augustine, head- 
quarters for the investigation were maintained at the College. No 
wasp which might be presumed to be a parasite of Scapter'isciis 
cinns was collected at this time in any part of the Island, all parts 
of which were explored, nor was any changa with indication of 
parasitism noted either at light or in fields being plowed. Indeed, 
the whole theory of the scarcity of the changa in Trinidad was found 
to be a misconception. Much of the Island is in virgin forest, or 
artificial forest of cacao, coffee and grapefruit trees. Furthermore, 
most of the area under cultivation to sugar-cane is heavy clay soil, 
entirely unsuited to the mole-ericket. But in the sandy open areas, 
such as the Savannah at Port-of-Spain, the campus and farm of the 
Imperial College, and Orange Grove Estate fin sugar-cane), the 
changa is in general more abundant than in Puerto Rico. And, 
judging by conditions observed about the lights on the campus, the 
Surinam toad is even less effective than in Puerto Rico in reducing 
its numbers. 

By a most fortunate combination of circumstances, however, the 
time spent in Trinidad was productive in indicating where the para- 
site was to be found and how it might be collected. Mr. A. II. 
Adamson, formerly of Hawaii and at present Reader in Entomology 
at the College, possessed a copy of a paper by Mr. F, X, Williams 
(13) detailing h-s earliest searches for a parasite of the Hawaiian 
mole-cricket, in which an extended account, with beautiful illustra- 
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tions, was given of his finding Larra aniericciina Saussure, a parasite 
of Scapterisciis didactylus (Latreille)** vicinus Scndder, in abun- 
dance at Belem, Para, Brazil. Mr. Alan Pickles, Entomologist for 
the Department of Agrietilture of Trinidad and Tobago, stationed at 
the College, had spent some weeks at Belem only a year or two be- 
fore, and was of invaluable assistance in furnishing information 
about this part of Brazil, and more particularly, a letter of introduc- 
tion to Dr. G. Hagemann, Zoologist of the Museu Paraense Emilio 
Goeldi at Belem. 

The official restrictions on the activities of foreign scientists 
(presumably directed primarily against pseudo-scientists and slip- 
pery crooks engaged in expeditions “Exploring for Profit in 
Brazil at the present time are most strict, but due to Dr. Hagemann 
efforts, an official permit to conduct investigations and to ship the 
parasites was promptly obtained. It should not be imagined, be- 
cause of the reluctant and jittery attitude of official Brazil towards 
foreign scientists, that this in any way refiects the actual sentiments 
of individuals, or at least of those met by the writer during his 
stays in Belem. Prom the manager of the local airport of Pan 
American Airways, Mr. Alberto Soares, and his assistant, Mr. Mario 
Pereira da Rocha, and the manager of Hotel Grande, Mr. Julio 
Lima Lages, all three of whom were of invaluable assistance, to the 
casual passer-by intent on disposing of a snake around his neck, or 
a turtle on his head, or birds in cages, or numerous school-children 
volunteering to aid in catching “borboletas^’, everyone was uni- 
formly most cordial and helpful. 

Belem is now only a day’s hop by airplane from Trinidad. Early 
on the first morning after arrival, on the outskirts of the city, along 
the railroad right-of-w-ay reached by the carline marked “Souza”, 
females of Larra americana were seen exploring changa tunnels in 
search of their host. A little later in the day, they began to fre- 
quent the flowers of Borreria vertioiUata Meyer (as determined by 
Mr. Jose I. Otero, of the Agricultural Experiment Station at Rio 
Piedras), a plant which is common everywhere in Puerto Rico where 
the changa occurs. It is also so very abundant in Trinidad that the 
most extensive collections of the laiger Hymenoptera were made 
from its flowers, but included no specimen of Larra. Borreria occurs 
mostly in fields being fallowed, in waste areas, in dry, unpastured 
meadows, and especially along railroad tracks, where, being least 
disturbed, it often grows in clumps as high as one’s waist or shoulder. 
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In Belem indeed, it is only along the right-of-way of the railroad to 
Braganza that so many such large clusters are to be found that con- 
siderable numbers of Larrid wasps can be collected in a short time. 

Mr. Williams had so meticulously recorded his observations in 
Belem that the wasps could be at once recognized: entirely black 
except for golden pubescence and bright chestnut red abdomen (fig 3). 
The field identification by the writer has since been confirmed by Miss 
Grace A. Sandhouse, from a large number of specimens sent to the 
U. y. National Museum, of which 85 were Larra americana (Sauss.), 
1 Larra altamazonica Williams and 1 Larra paci^ca Williams. He 
did not especially remark on how very ([uiek and active they are when 
not on the ground, or how extremely wary and difficult to catch in 
the net when feeding at Borreria flowers, this being reserved for the 
writer to discover. He did note, however, that tiiey died within 
a day or two in captivity, thus the problem of getting them alive to 
Puerto Rico appeared correspondingly difficult. A trial sending to 
Trinidad, however, showed that a few at least might survive the 
trip, and two wrecks later the writer was en route back to Puerto 
Rico, accompanied by a Wardian cage of local manufacture, in the 
moist sand at the bottom of which had been thrust ihe cut ends of 
Borreria flower stalks, to provide nectar for the 78 wasps of Larra 
americana which it contained. Leaving Belem early in the morning 
at the time, one could at the earliest expect to be in San Juan by 
late the next afternoon. Mr. Francisco Sein, Assistant Entomologist, 
had managed, with the greatest difficulty, to collect 21 live changas 
to expose to the tender mercies of the expected parasites — ^actually 
only a fraction of a day^s supply for the 25 wasps which survived 
the trip. It seemed much wiser lo release the vrasps immediately 
near Punta Las Marfas, and hope that they could find a more abun- 
dant supply of food for their progeny than could l)c obtained by 
our activities. Released towards the beginnmg of a drought that 
lasted for three months longer, th.s was doubtless a vain hope, but 
at that time the vital importance in the wasp’s economy of daily 
rains could hardly have been surmised. Even if this particular release 
did not result in the establishment of the parasite of the changa, the 
trip had at least shown where the pai^site might be obtained in 
numbers, and, with the rapid transportation now possible by air- 
plane, that some wasps would survive the trip for release in Puerto 
Rico. Apparently nothing more was lacking for a successful in- 
troduction than the opportunity to apply on a larger scale the in- 
formation already obtained. Actually, to get so many wasps alive 
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FIG. 3. Adult female wasp of Larra americana Saussure, five times uatnxaZ 
size. (Drawn by F. Sein.) 
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to Puerto Eico at one time, and at the first attempt, was a most 
astounding bit of luck, altho in reality a misfortune because it gave 
no indication of the difficulties to be experienced later in attempting 
its duplication. 

Belem is by no means as far south of the Equator as San Juan 
is north, but for these two localities the time of occurrence of the 
wet and dry seasons is reversed. The daily rain in the wet season 
at Belem, or at least at the beginning and towards the end of the 
wet season there, was admirably described in 1848 by Mr. H. "W. 
Bates in his “The Naturalist on the Eiver Amazons”. 

“On most days in June and July a heavy shower would fall at some time 
in the afternoon, producing a most wdeome coolness. The approach of the 
rain-clouds was after a uniform fashion very interesting to observe. First, the 
cool sea-breeze, which commenced to blow about ten o’clock, and which had 
increased in force with the increasing power of the sun, would flag and Anally 
die away. The heat and electric tension of the atmosphere would then become 
almost insupportable. Languor and uneasiness would smze on every one; even 
the denizens of the forest betraying it by their motions. White clouds would 
appeal in the east and gather into cumuli, with an increasing blackness along 
their lower portions. The whole eastern horizon would become almost suddenly 
black, and this would spread upwards, the sun at length becoming obscured. 
Then the rush of a mighiy wind is heard through the forest, swaying the tree- 
tops; a vivid flash of Hghtning bursts forth, then a crash of thunder, and 
down streams the deluging rain. Such storms soon cease, leaving bluish-black 
motionless clouds in the sky until night. . . . The following morning the sun 
again rises in a clouless sky, and so the cycle is completed.” 

The female Larra normally has just such a definite cycle of daily 
activities. The early morning hours are spent on or in the ground 
in a search for changas, forced to the surface of the soil by the soak- 
ing rainfall of the previous afternoon. When the ground and the 
vegetation has been somewhat dried by the morning sun, and es- 
pecially if she has succeeded in depositing one, or two, or even three 
eggs on as many changas and the stimulus for further search for 
a host for her progeny has disappeared, she then begins to frequent 
the flowers from which she obtains nectar. The wasps feed only 
during the hottest hours of the most intense mid-day sunshine, and 
even when the usual rain does not occur in the afternoon, rarely are 
to be noted feeding very long after mid-day. The passage of a 
cloud over the sun almost instantly stops their feeding activities, 
which are not resumed again from rest in the depths of a thicket 
of Borreria and other weeds until it is again shining brightly. What 
the wasps do during rain and at night can not be asserted with 
certainty : those in captivity mostly rested quietly on vegetation or 
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on the sides of the container, altho it is possible that some of them 
may have been burrowing in the sand^ or resting quietly in it during 
part of this time of inactivity. 

Mr. Bates' description of the daily shower and the above notes 
on the activity of Larra apply only to normal weather- The wasps 
are profoundly affected by any deviation, tiheir cyde of daily ac- 
tivities being predicated exactly to a definite tune for the rain. At 
the time the writer first landed in Belem early in February, the 
downpour came between 1 and 2 P.M. By the end of the week, 
the time of this daily storm had advanced to noon, and the practical 
impossibility of continuing the collection of the wasps by the end 
of that week was caused by the rain begimung in the middle of tlie 
morning. The female Larra feed at flowers, where they can be col- 
lected, from 10 A. M. to noon, and if the rain eommenees soon after 
10, they never reappear at flowers in any considerable numbers that 
day, even tho later the snn comes out and the v^tation dries off 
before nightfall. Males may occur on flowers in the afternoon after 
a shower, and also earlier in the morning, their feeding of course 
not being disturbed by the necessity for ovipositiou, whieh. is doubt- 
less the most powerful stimulus determining the aetivities of the 
females. It had seemed wise, therefore, to take hack to Puerto Rico 
what wasps had been collected during the second wedc in February, 
and lo return to Belem for more later in the spring, towards the end 
of the wet season there, and ineidentally towards the beginning of 
the wet season in Puerto Bico. 

As it happened, the time of return was pn^riy timed for May, 
and the wasps were present then in an abundance comparable to, 
or even greater than that observed in February. They no longer 
frequented the flowers of Borreria however, but in the same places 
where collections were made in February, extensive growths of Hypiis 
atroriibens Poit. (as determined by Mr. Otero), a recumbent plant 
and not noted before, were now knee-high, and their flowers were 
greatly preferred by the wasps. Little diGScully had been experienced 
in keeping the wasps alive for several days in February, but in May 
few of them lived overnight in captivity, and the bulk of them were 
dead by the second day. This only duplicated the experience re- 
corded by Mr. Williams, who also was in Belem in May and June. 
DiflSculties also were experienced in making the shipments on time, 
for the planes _ from the south three times during the month were 
two days late in their schedule, due to bad weather in crossing the 
Andes from Santiago. Out of shipments of 70 or 80 wasps eventually 
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despatched from Belem, only one or two wasps would arrive alive 
in San Juan. The carefully designed container which seemed to 
embody every factor essential to the comfort and well-being of the 
wasps en route was promptly dKearded in favor of a much larger 
one, and with little better results until the final shipment. In the 
meantime, as the end of the wet sfeson approached, the daily rains 
came later and later in the day, and sometimes not until after dark — 
or not at all. On the possibility that the wasps in captivity might 
to suffering from lack of humidity, their container received an ar- 
tificial rain under the shower-bath as soon as brought from the field, 
but with little apparent effect on the mortality. 

Incidentally accompanying the rainfall in Belem is a sud- 
den sharp decline in temperature. On the bare possibility that 
comparable artificial cold might have the effect of keeping the wasps 
alive, they were placed in an electric refrigerator, and when removed 
a few hours later all were dead. The manager of the Grande Hotel 
suggested that he had two refrigerators: the new electrical one for 
freezing, and the old one using real ice in which the temperature, 
while considerably cooler than the air outside, never came within 10® 
or 20° of freezing. Another collection of wasps placed in this old 
“real ice’’ cooler early in the afternoon and removed at dark had 
suffered not a single mortality. All the final collections of wasps 
were accordingly placed in this old-fashioned refrigerator during the 
hot afternoons. 

But now that a practical method had been found for keeping 
the wasps alive longer, difficulty was experienced in collecting them. 
The daily rains ceased to be daily, and for each day that there was 
no rain, the number of wasps which could be collected in the field 
w’as a fifth less than on the pi*evious day. At first this was not 
serious, but when no rains at all came during the second week in 
June, it became abundantly obvious that no large numbers of wasps 
would again be collected for the next six months, or until the be- 
ginning of the next rainy season. Out of the final shipment of only 
18 wasj^s however, 7 arrived alive in Han Juan : the highest survival 
from any shipment, and comparable to the first in February in the 
'Wardian cage. The wasps in this final shipment had been refriger- 
ated in the afternoons, and Iheir container placed outdoors at night, 
including the night preceeding the date of sliipment. As there is 
no stop for the planes north of Belem closer than French Guiana, 
they usually cover this longest hop at a great height, with the tem- 
peratures approximating those of a mountain, and in general, the 
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planes are comfortably cool while in motion. The only high tem- 
perature experienced for any considerable length of time en route, 
therefore, is in the late afternoon and early evening at Port-of-Spain, 
and, with present flying schedules, this is hardly capable of alteration. 

For the collection of Larra wasps in the field, the writer has 
used a small, non-folding, metal ‘frame net presented by Mr. F. W. 
Urich, for many years Entomologist of the Department of Agri- 
culture of Trinidad and Tobago. For handling live wasps, one has 
much greater confidence if wearing a heavy cotton glove on one hand, 
altho after some experience, one makes sure of the sex of any doubt- 
ful individual by letting it attempt to sting, and releasing any un- 
aUe to prove that they are females. The container at first used in 
the field was loaned by Mr. K. A. Bartlett, of the Foreign Insect In- 
troduction Division of the TJ. S. Bureau of Entomology & Plant Quar- 
antine. but it proved quite unsuitable for the shipment of large wasps. 
That later designed was manufactured in Brazil by a cabinet-maker 
recommended by Dr. Hagemann, and measured 3" X 3" X 6", with a 
circular opening slightly larger than one’s thumb, stoppered with a 
cork, in one end, thru which the wasps were transferred from the 
net. To induce them to euler voluntarily, the slide top had cut iu 
it a hinged door, closely screened inside. By opening this door just 
before the wasp was released from the net, its violent posative pho- 
totropism promptly carried it into the container. The bottom third 
of the container was partitioned ofif with coarse wire mesh of sucli 
size that the wasps could readily pass, if they desired. This third 
of the container was mostly filled with moist sand, but preventecl 
from coming out by a layer of wet sphagnum moss next to the wire. 
The cut ends of Borreria or Syptis flowering stalks were thrust thru 
this wire mesh into the moist sphagnum and sand, and invariably 
arrived fresh and unwilted at the end of journey in San Juan, ac- 
cording to the testimony of Mr. Sem. Regardless of their theoretical 
value, few wasps survived the trip to Puerto Rico in these small con- 
tainers, and eventually their use was restricted to collection in the 
field, for which they were well adapted when the wire partition, sand 
and moss were removed, the interior being loosely fi lled with wet 
exeellsior and a few flower blossoms. The larger and much simpler 
shipping cage used for later consignments had only a 5" X 8" wire 
screen window in its sUding top. The transferrmice of the wasps 
from the collecting cage to the shipping cage, or to the Wardian 
cage, was always attended with difiSculty, and whatever method was 
used, before the operation was completed, one invariably wished he 
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had used some other. At first it was conducted in bed with the 
mosquito bar tucked in securely on all sides, and later, at night in 
the bath room from which eveiything movable had been removed. 
By sliding back the tops of the two containers so that their open- 
ings were opposite, the moist exeellsior in which most of the wasps 
liad come to rest could be droped into the shipping cage, but some 
invariably chose to remain in the field cage, and others became active 
and escaped where the openings of the two cages did not exactly 
meet. In such an extremity, a gloved hand might recover those 
which hid in the folds of the mosquito bar, or which did not at 
once escape, despite the darkness outside, thru cracks around the door. 
The bottom of the large shipping cage was covered with a thin layer 
of moist sand, into which the cut ends of the flower stalks were 
thrust, and naturally such cages had to be kept right side up, but 
the superior survival of the wasps in the larger containers much 
more than justified the trouble of getting the wasps into them, and 
the greater care that had to be taken of them en route. To prepare 
for delivery to the plane, several thicknesses of toweling were tied 
over the screened window, and saturated with water so as to arrive 
still damp two days later 

Mr. Williams has recorded the finding of Larra americcma in 
lesser abundance at more southern localities in Brazil, and of other 
species of mole-cricket parasites in Equator. Such records are value- 
less in considering localities from which shipments might more readily 
be made to Puerto Rico, but at least indicate a wide distribution of 
such parasites. To determine if Larra americam might not occur 
at localities even nearer to Puerto Rico than Belem, the writer stop- 
ped at Paramaribo, Dutch Guiana, on his return in June 1936, 
Plants of Borrcria were not noted, but quite extensive beds of Sypiis 
were found at the end of a country road “Charlesburgstraat'^ in a 
clearing at the edge of the forest, and feeding on the nectar of their 
flowers were females of Larra americana. If the insect ocurs north 
of the Amazon River, it presumably is present in all suitable sandy 
regions of tropical South America. The last stop of Pan American 
Airways on the continent before reaching Trinidad is Georgetown, 
British Guiana, but the soil here, unlike that around Paramaribo, 
which is sandy swamp, is mud. Even where it becomes somewhat 
coarser in texture, neither of the plants frequented by Larra for 
nectar w’as noted, altho mole-crickets are present in small numbers 
in the sandy foreshore outside the seawall, and to a lesser extent in 
the golf course at Belair, in the outskirts of Georgetown. A day’s 
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journey into the interior and they become abundant, for Mr, T. A. W. 
Davis, Forester at the Mazaruni Station, reports them a serious pest 
in his nurseries, the specimens submitted by him being both Sca/pte- 
mvm viciniis and Oryllotalpa liexadactyla. Thus, British Guiana 
is indicated as being no nearer Puerto Rico, from the standpoint of 
transporting the tvasps, even if they do occur there, than is Belem. 
Dutch Guiana remains a definite possibility, altho lack of local trans- 
portation, and the limited area vrhere Hyptis was noted there, makes 
Belem still the more desirable locality for the continuance of the 
attempt at the introduction of a parasite of the changa into Puerto 
Rico, and the beginning of the rainy season the most favorable time. 

Normally, the beginning of the rainy season in Belem is some- 
time in December, usually between Christmas and New Year’s Day. 
In 1936, the first rain, after an unusually long, hot and uninter- 
rupted dry season came on December 28th, the day that the writer 
left San Juan by plane, so that some wasps were available for col- 
lection when he first arrived in Belem. But the rainfall in the first 
three weeks of January consisted of showers so light as to barely 
moisten the surface of the ground, so that by the middle of the month 
only a few Larra were to be seen, and most of these were males. The 
first general and heavy rain was on January 17th, 1937, continuing 
all that day and night and most of the morning of the 18th, the 
air ben^ alive with winged termites much of this time, and on the 
second night tremenduous numbers of adults of the common large 
black cricket, Grillus aBsimilis P., invaded the better lighted sections 
of Belem. The morning of the 19th was bright and clear and the 
females of Larra suddenly so abundant that one could not keep track 
of the number collected. Yet out of the 30 or more collected just the 
day before shipment and sent in the large container by the fast 
Clipper, making stops only at Paramaribo and Port-of-Spain, and 
arriving in San Juan before 10 A. M. on the morning of the 21st, 
only 6 or 7 were alive when received, and only 2 survived to be 
released at Malesa Sub-Station at Isabela, where the ground was 
being irrigated every day to bring changas to the surface and Borre- 
na was specially grown to ensure optimum conditions for the wasps. 
The heavy mortality could not be due to a hot afternoon, for the 
rain came at 2 P. M. on the 19th, and lasted all night. The con- 
tainer was kept during the night on a window-ledge on the third 
floor of the Hotel Grande, and not delivered for transportation until 
the morning of the departure of the plane, at which time, so far as 
could be determined, it was in good condition. What happens to 



INTRODUCTION OF LARRA AMERICANA INTO 1». R. 


209 


sliipmeuts en route is a matter of conjecture, but the spraying of the 
planes with pyrethrum insecticide just before arrival in San Juan 
certainly is most unfortunate from the standpoint of keeping the 
Larva wasps alive. For later shipments, the purser or steward of 
the plane was personally interviewed in Belem just before the ship- 
ment was delivered, and instructions given, in addition to those 
^\ritten on the tag, to pour ice-water on the toweling covering the 
screen window of the container before landing in Port-of-Spain, to 
keep the shipment out of the sun after arrival and in the shed at 
the end of the pier until the following morning, and to keep it in 
the tail of the plane when the plane is being sprayed at San Juan. 
So far as can be determined, all the special care had little effect in 
increasing the survival of the wasps, that of some shipments being 
most discouragingly low. On the other hand, one shipment of 36 
wa^ps sent by the slow plane from which release could not be made 
until the following day at Malesa, had 7 wasps alive and active at 
that time, and the final shipment of 16 wasps, in a container of 
tuice the size of those previously used, with three windows, by the 
fast plane, had 5 wasps alive for release at Maleza. But the total 
of 28 wasps received alive out of almost ten times that number col- 
lected is a most disheartening record (see Table), relieved only by 
the assurance that all of these were females and that they were 
released where changas were not only abundant, but where the daily 
irrigation surely made them readily available for attack and ovi- 
position, and where Borreria was present in abundance. 

The mortality of Larra was so heavy on the slow planes, with 
the one most extraordinary exception above noted, that discontinu- 
ance of using them was contemplated as soon as the reports began 
to be received. The slow planes arrive in Trinidad, however, almost 
as soon as the fast planes do, and as Mr. Pickles was keenly in- 
ierested in attempting the introduction of Lavra in Trinidad, and 
indeed had attempted to rear the parasite there from the first trial 
shipment made to him in February, 1936, he was asked to receive 
shipments of the wasps, either for release or rearing. Just at this 
t me, however, he was in the hospital recovering from an operation, 
consequently Mr. Adamson received the shipment. Out of 27 females 
sent from Belem, 7 were alive upon receipt, of which 5 were still 
alive the following morning, when they were placed in individual 
tubes or petri dishes and supplied with mole-crickets. Before the 
Iasi one of these had died, Air, Adamson had secured 21 eggs, and, 
at last report, several of the eggs had successfully hatched after 9 
days incubation. 
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SHIPMENTS OF LARRA AMERICANA^ BELEM TO SAN JUAN, 1937 


Sending 

No. 

Type 

Cage 

Weather 

Wasps 

Col. 

Date 

Left 

Plane 

Date 

Att. 

Wasps 

Alive 

Wasps 

Dead 

Wasps 

Total 

1 

Small. 

Too dry 

21 

Jan. 3... 

Slow.... 

Jan. 4... 

None.... 

21 

21 

2 

SmaU. 

Too dry 

14 

Jan. 6... 

Fast.,.. 

Jan. 7... 

3 

15 

18 

3 

Small. 

Too dry 

17 

Jan. 13.. 

Fast 

Jaiu 14.. 

1 

20 

21 

4 

Small. 

Too dry 

5(^79 

Jan. 17.. 

Slow — 

Jan. 18.. 

None.... 

Not Counted 

5 

Large. 

O.K.... 

Many 9 
20d'329 

Jan. 20.. 

Fast 

Jan. 21.. 

2 

Not Counted 

6. . 

Large. 

O.K.... 

Jan. 25.. 

Slow 

Jan. 26. . 

2 

50 

52 

7 

Large. 

Cloudy , 

8cfl29 

Jan. 27.. 

Fast 

Jan. 28.. 

4 

31 

25 

8 . ... 

Large. 

O.K... 

369 

Jan. 31.. 

Slow 

Feb.l... 

7 

29 

36 

9 

Large. 

O.K... 

299 

Feb. 3... 

Fast 

Feb. 4... 

2 

27 

29 

10 

Large. 

O.K.. 

279 

Feb. 7.. 

Slow 

Feb. 8... 

None.... 

27 

27 

11 

12 

Large. 

Extra 

Cloudy . 

179 

Feb. 10.. 

Fast 

Feb. 11.J 

1 

1 2 

1 

15 

17 


large 

Cloudy 

179 

Feb. 17.. 

Fast 

Feb. 18.. 

5 

11 

16 

A to 
Trinidad 

1 

Large. 

O.K.... 

270 

Feb. 15.. 

Slow — 

Fbb. 15.. 

7, 5 on 
Feb. 
16th, an 
nsed in 
breeding 
in labor- 
atory 

20 

27 


Except for the one collection of Jannaiy 19th, 1937, on no other 
day during January and February of this year were so many wasps 
collected as on many days during May 1936. Possibly this may 
have been due to the effect of intensity of the dry season of 1936, or 
it may merely be due to the fact that no males were collected after 
the rains had started in 1937, and the wasps were in reality quite 
as abundant as previously. While the total number collected dur- 
ing a day often was almost as high as in May, the effort and time 
spent in the field was much greater, and when the daily rains did 
not come until 2 or 3, or sometimes 4 P.M., the wasps rarely ap- 
peared in any numbers during the morning, the bulk of the collec- 
tion of females being made from noon up to within a few minutes 
before the breaking of the storm. Pew mornings were of uninter- 
rupted sunshine, scattered clouds beginning to appear often just at 
about the time when the wasps were to be expected, and increasing in 
number and densily as the day advanced so that the wasps found 
but few intervals in which to fly about and feed in full sunshine. 
Apparently they can not see as well whmi the day is cloudy, and 
certainly they are not as active, wary and hard to catch, even tho 
fewer of them are available to be caught. 

All collections were brought to a sadden termination in Belem 
by the middle of February by the sadden conc^ed activity of the 
municipal authorities in cleaning up the city after eamaval, which 
consisted in cutting the weeds, not only on the streets in the city, 
but far out beyond the city line along the railroad tracks where the 
bulk of the collections were being made. The mowing down of these 
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'dense thickets of Borreria did not serve to concentrate the wasps 
•i>n the few clumps left, for beyond the built-up part of the city, the 
forest surrounds it on all sides not bounded by the rivers. There are 
no waste lands or abandoned areas ; clearings or burned-over areas in 
the forest are planted to jnica, or grow up so rapidly to high second 
growth that Borreria has no chance to become established, and in 
reality the only favorable places for it are along the too-wide roads 
*of the outskirts of Belem, or along the railroad track. The weather 
also at this time was rapidly becoming less favorable to Larra^ entire 
•days being cloudy and misty, interrupted, not by sunshine, but by 
showers, so that even while good collecting areas were still available, 
the number of wasps that could be collected was rapidly diminishing. 

In normal years, Dutch Guiana has a short rainy season during 
December and January, so that growths of JSyptis should be at their 
height in February, and Larrid wasps abundant. During the one 
week spent there in February 1937, two wasps were seen, for there 
had been no short rainy season this year. Hyptis growth was still 
recumbent, but by riding on a bicycle to the end of every road 
iiround Paramaribo, its areas of abundance could be located and 
plotted, for use at times when wasp collections might be made there. 

The dishearteningly small number of Larra surviving the journey 
from Belem to San Juan in January and February 1937 seemed to 
indicate the desirability of finding some closer point of collection, the 
shorter journey from which might enable more of the wasps to survive. 
To he sure, Paramaribo, Dutch Guiana, is considerably nearer San 
Jnan. but the airport is so far from points where Larra is found 
that no collections w’ould be possible on the day of shipment. Since 
Georgetown, British Guiana, is unsuitable, the other points in South 
-America which might be considered are the airports of Venezuela. 
The one nearest to Trinidad is the oil-field at Caripito, the next is 
Guanta, the port of Barcelona, both with such frequent airplane 
service that wasps collected at either point would reach San Juan 
by the next morning. A personal inspection of Guanta and Barce- 
lona in April 1937 immediately indicated their unsuitability, the 
area in the vicinity of Guanta being a desert, and Barcelona is hours 
away by automobile. The presence of Borreria vertieiUata along the 
banks of the river beside Barcelona might indicate the possible 
presence of Larra during rainy weather, but at the time the survey 
was made there had been no rain for some weeks, and the presence 
of adults was not to be expected. Caripito is a clearing in the midst 
of virgin forest of the Orinoco delta region, rainfall is normally 



212 THE JOUKXAL OP AGRICULTURE OF THE UNIVERSITY OP P. R. 

considerably more abundant than at Barcelona, and Borreria verti- 
cUJata grows in abundance on the sandy soil of the landing field of 
the airport. April, however, is a month of drought for Caripito, and 
the only hope of collecting Larra was to return in the summer, when 
the greatest abundance of rainfall is to be expected. 

Hr. Luis F. Hartorell spent part of August 1937 at Caripito, but 
despite the apparent suitability of conditions, he collected only a 
few small Larra americana (as determined by Miss Grace Sandhouse), 
the wasps being so scarce that making shipments of live adults to 
San Juan was out of the question at that time. His collections and 
the definite determination of the specimens, however, establishes the 
record of Larra for Caripito, and its scarcity at the time he was 
there by no means proves that it might not be abundant in other 
years when total rainfall is more abundant than it was in 1936-37. 
Caripito remains a possibility to be further investigated if others 
fail. 

The doubtful record of the presence of the changa in Haiti was 
assumed to refer to Gryllotalpa hejradacfyla Perty, when the Cuban 
mole-cricket was definitely determined to be that species. In the 
summer of 1937, Mr. Andre Audant, Entomologist in Haiti for the 
Service National de la Production Agricole et de TEnseignment 
Rural, sent a specimen of a mole-cricket collected by a student to 
the U. S. National Museum for determination. Mr. A. B. Gurney, 
the specialist in Orthoptera there, identified it as Scapteriscas vi- 
ciniis Seudder, and Mr. Audant, knowing of our great interest in 
this insect, promptly reported the determination to us. To determine 
whether the scarcity- of the Puerto Rican mole-cricket in Haiti was 
due to control by a parasite, two weeks in November and December 
1937 were spent there. In 3Ir. Audant ’s automobile, nothing of 
interest was noted driving northwest from Port-au-Prince to St. Marc 
and in the valley of the Artibonite, but on the second day going 
west towards Petit Goave, three live changas were collected in a 
sandbar in the bed of a stream. This is the first definite locality 
collection of Scapferiscus vichiKs in Haiti. 

The greater part of Haiti is mountainous in character, the central 
plain of the Cul-de-Sac being heavy day, and most of the stream 
deltas consist of loose rocks and bowlders, succeeded immediately by 
clay, with no intermediate sandy area where the changa might find 
conditions suitable for its existence. Thus the sandy stream bed at 
Petit Goave, where these changas were found, in reality is quite ex- 
ceptional for Haiti. 
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An exceptionally complete herbarium of the plants of Haiti is 
to be found at the Damien ofSee and school of agriculture, having 
been assembled by Dr. Erik Ekman of Uppsala, Sweden. He col- 
lected specimens of the two plants at the flowers of which Larra 
americana is most commonly found in Brazil: Eyptis atroriibens 
between Port Margot and Bayeux on the north coast, and Borreria 
verticUlata at Morne Brouet, south of Kenscoff, at an elevation of 
1,600 meters. As Ekman w^as more likely to collect from relatively 
inaccessible localities, rather than in those more readily reached by 
automobile, to search for Borreria in the region where he found it 
required several days of travel afoot. The mountains between Port- 
au-Prince and Kenscoff were tramped over one day, and three days 
were spent at Kenscoff, and on one of the mountains south of 
Kenscoff, at an elevation of possibly 1,700 meters, large clumps of 
an undetermined species of Borreria or Mitracarpus were found. 
Thej" were growing mingled with such temperate zone plants as 
blackberry, mullein, wild carrot, narrow-leaved plantain, dandelion, 
St. Johnswort, chick-weed and white clover. Hours were spent 
watching them during the middle of the day in bright sunshine, but 
no wasp even remotely resembling Lan^a was noted. Considering the 
low temperature (except in full sunshine), and the soil, which is a 
heavy clay, the absence of Lan^a is hardly surprising, and further 
search in the Kenscoff mountain region was discontinued. 

The only sandy beaches in Haiti near Port-au-Prince, aside from 
those previously investigated towards St. Marc, are on the southern 
coast of the southern peninsula, A one day trip to Jacmel was most 
disappointing in its results, the only sandy beach being just at the 
city, and used for a public dump. A two day trip to Cayes showed 
little more of tangible value, for the beaches between Aquin, St. Louis 
du Sud and Cayes are comparatively narrow, and back of them 
the soil is clay, with bare rocks or steep mountains rising close be- 
hind. The sand bar across the mouth of the river at Cayes is ex- 
tensive, but neither Hyptis nor Borreria grew there. No trace of the 
changa was noted, altho rain of the day of going would have made 
its presence visible the next day coming back if it had been at all 
abundant. Thus the net result of three days travel over rough roads 
was entirely negative: no changa and no plant on the flowers of 
which Larra might be expected to occur, altho conditions of tem- 
perature and rainfall, and soil for limited areas, would appear to 
be somewhat more favorable than in the region nearer Port-au-Prinee. 
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While the period spent in Haiti was too short to eliminate all 
possibilities, it would appear that in the area which may be reached 
by automobile in a day from Port-au-Prince, the ehanga occurs in 
very limited regions, and the plants at which Larm is found in Brazil 
do not occur at all The scarcity of the ehanga is thus presumably 
due to the limited environment in which it can occur, and not due 
to the presence of a specific parasite. 

The possibilities of collecting Larra at points nearer by airplane to 
San Juan having been temporarily or entirely eliminated, refine- 
ments and improvements in methods and technique from Belem still 
remained to be tried, and in the middle of January 1938, Mr. Luis P. 
Martorell proceeded to Brazil. During the few days less than a 
month that he was there, six shipments of Larra were made, and one 
was brought with him, small in number of Larra adults as compared 
with those of previous years, due to unfavorable and abnormal 
weather in Belem, but otherwise the most successful of any yet made. 
The weather during January and February 1938 was also most ab- 
normal in Puerto Rico, being especially favorable for the introduc- 
tion, and releases could thus be made less than half an hour from 
the San Juan airport, in an extensive sandy area to the south of 
the Laguna de San Jose which is most nearly comparable in Puerto 
Rico to the region from which Larra comes in Brazil. The releases 
were made beside an acre previously in cultivation which is now 
almost a solid mat of Syyiis atrorubens, while high plants of Borreria 
are numerous in near-by pastures and areas not in cultivation. Dur- 
ing the time that the shipments were being received, the weather of 
this region, while not exactly the same as Belem at this time of year 
with rains early in the afternoon, was sufficiently similar in essentials, 
for in Puerto Rico the rains came nearly every night or early morn- 
ing, with the middle of the day bright and clear. The exceptional 
w'eather in Puerto Rico this winter is a very important factor favor- 
ing the success of the introduction. 

In regions where mole-crickets are abundant in Trinidad and 
Puerto Rico, many of them will come to light on rainy nights, but 
none was thus noted by the writer at Belem during the months 
spent there. Mr. Martorell was determined to obtain at least a few 
specimens, and going out at n^ht with a flashlight and a boy to 
dig, succeeded in obtaining several on the first attempt. The boy 
subsequently obtained many more, for which he was paid at the 
rate of 3 cents for each specimen. Mr. P. X. Williams has related 
how' he induced Larra wasps to attack and parasitize mole-crickets 
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in captmty, and Mr. Martorell, using similar methods of introducii^ 
the wasp into a small tube with the changa, and shaking them up 
together if the wasp at first showed no interest, succeeded in obtain- 
ing many artificially parasitized mole-crickets. In all shipments 
except the first two, such parasitized changes were sent to San Juan 
with the wasps, and one shipment consisted only of such Larra in the 
egg stage. Some of the changes died en route, but over three-fourths 
of them survived the journey and the close confinement, and most of 
these were released upon arrival. Of those which were retained in 
the laboratory, eggs which had been laid previous to January 26th 
hatched within a few days after receipt, and had grown to full sized 
maggots by two weeks later (February 141h), the air temperature 
recorded beside them during this period varying from 72° to 78°P. 
Only one maggot, however, succeeded in forming a cocoon, and even 
this one died before transforming to adult. The weight of cocoon 
and contents was .3145 gr., but this is not net, as it includes grains 
of sand stuck in the viscous dark brown plastic of which it was com- 
posed, which could not be separated out. 

The live weight of a changa is .78 gr., its air-dry (dead) weight 
.287 gr., and subtracting from this the heavily chitinized remains not 
available for consumption by the parasitic maggot which weighed .077 
gr., gives .21 gr, as the net air-dry weight of the food eaten by 
Larra in its parasitic stage. The air-dry weight of large Larra 
females is ,0524 gr., and of Larra males .022 gr., thus it would appear 
that the food eaten by the Larra may be as little as four times for 
females, or as much as ten times for males, as the weight of the 
adult which it becomes. It is much more likely that parasites on 
the largest changas become females, while smaller ehangas or large 
njTnphs furnish onl 3 " food sufficient for the development of males, 
and the effieiencj’ in the consumption of food hy the larval Larra is 
substantiallj" that previouslj^ determined by the writer for other 
parasitic insects (16). 

In keeping the changas in individual cans with sand and corn, no 
mortality of the host is experienced after those injured in transit 
have died, but eggs or maggots are easily- killed or dislodged in 
attempting to examine the active changas for their presence. Thus, 
only the parasitized changas of the first shipment were retained in 
captivity^, mostly to determine the rate of development of the para- 
site, and all subsequent parasitized mole-crickets were released in the 
field. Of the total of 121 parasitized changas sent from Belem, 95 
arrived in San Juan alive, and of these, 79 were released in the field 
at the same time as the wasps. 




Pia. 4. Maggot of Larra ameHeana feeding on the Juices of h “changa” killed by It. (Drawn by P. Seln.) 
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Quite aside from the number of Larra thus introduced in the egg 
stage, the presence of the parasitized changes in the box with the 
wasps had a most surprising effect in greatly reducing their mor- 
tality. In the first two shipments made without changes accompany- 
ing, only one wasp aridred in San Juan alive,* of the succeeding 
shipments which had a screened box or can of parasitized changes, 
the first contained 11 live wasps, 1 weak and 6 dead, the second con- 
lained IS live wasps and only 1 dead, the third had 9 live wasps 
and only 2 crushed under the box of earth and changes, while the 
final shipment brought by Mr. Martorell in person, but delayed en 
route an additional day at Trinidad, had 7 live wasps and 4 dead. 
This is SO much better than any previous series of shipments as to 
indicate that the presence of live changes is quite essential for keep- 
ing the wasps alive en route, and will of course be used in all future 
shipments. It api)ears to be the key to the problem: the solution 
of how to get the wasps alive from Belem to San Juan. The total 
number of wasps sent by Mr. Martorell this year was 81, of which 

arrived dead and 46 alive, as compared with 262 shiped last 
year, l)ut of which only 28 arrived alive. The difference in the total 
number indicates the much less favorable weather in Belem for mak- 
ing the collections, while the much larger proportion of wasps ar- 
riving alive shows the more successful method of shipment accom- 
panied by changas. The total of only the shipments accompanied 
by changas is even more clearly indicative of the success of this 
method: 59 wasps sent, 45 arrived alive, with only 14 dead. 
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NEW SPEOEES OF HEMOCEBA FEOM PXJEBTO BICO 


By O. A. JOHANNSEIT, 

^omeU Uimert^tyy department of dniomoJogy. 

During tlie months of February and March 1935, Dr. J. G. Need- 
ham of Ithaca, New York, in company with Dr. Julio Garcia-Diaz 
of Rio Piedras, P. R., coUeeted numerous insects on the island of 
Puerto Rico, a collection which was considerably augmented later in 
the season by Dr. Garcia Diaz working alone. Of the Diptera ob- 
tained several of the nemocerous families were placed in my hands for 
identification. Owing to the fact that it was necessary to collect the 
specimens in alcohol several of the Psychodidae could not be identi- 
fied. This was true also of some species of other families where 
represented by females or defective specimens alone. A list of the 
more striking captures as well as descriptions of previously unde- 
scribed species are given herewith. 

Chironomidae 

Pentaneura marmorata n. sp. 

Head and antennae pale yellow, apical antennal segment, the elongate 
palpi tiud mouthparts infuseated. Twelfth segment of antenna three times as 
long as the eleventh segment. Thorax and scutellum pale yellow, mesonotum 
with four broad brown vittae; lateral margins of metauotum and of x>ronotum 
brown; ijeetns largely brown; pleura with about ten irregular brown spots of 

varying sizes. Abdomen pale yellow, tergites 3, 4 and •> each with a large 

rectangular brown spot. Legs yellowish white; extreme biises of coxae, a spot 
on trochanter, a preapleal ring on each femur, a ring near base of each tibia 
and the extreme tips of the tibiae and of the metatarsi, brown. Fore basitarsus 
scant 0.6 times as long as the tibia, pulvilli absent. Wing marmorated with 
brown spots as follows: an irregular rectangular spot covering humeral cross- 
vein and arculus; an irregular triangular spot covering the r-m erossvein, ex- 
tending to the costa; a large brown rectangular area extending from the tip 

of Hi to apex of wing covering the costa and the media, this area with a 

small hyaline spot along the costa between Bi and a large irregularly 4- 
branched hyaline spot between radius and media, and another less distinctly 
margined irregular hyaline spot near apex of the wing; in the basal half of 
cell and just beyond the r-m crossvein with three small dark brown oval 
i^ots of which the more distad is the smallest; m-eu crossvein covered in part 
by a small spot, distad of which in cell M are about four more or less square 
spots, the apical one eoniaining a vaguely margined hyaline spot; Cell Gi 
with two minute basal spots, a square spot filling the space above apex of Gus 
and the cell apieaUy brown margined; behind the cubitus there are about three 
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small spots basallj, a large square spot under the base of Ous and distally fil- 
ing the margiii under the apex of Ca^ an irregular bro'wn area containing an 
indistinetlj margined hyaline spot. The larger wing spots are more or less 
contiguous with one another. Squamae fringed. Halteres white. Length 2.5 
mm, wing 2.4 mm. 

Type from Rio Cidra, Puerto Rico, llarch. 23, 1925. In the 
Cornell University Collection. 

Penianeura monilis L., var. peleensis Walley. 

Taken at light, Tortuguero Lake, August 15, 1935. 

Ooelotanypns insnlanus n. sp. 

V Head and antennae yeUow, apieal antennal segment brownish; eyes 
slightly emarginate, separated at rertez by a width equal to the distance be- 
tween the bases of the antennae; thorax including seutellum reddish brown; 
pleura yellow, metauotum dark brown; mesonotum without acrostichals, the pim- 
ple on disc, small. Abdomen yellow, iergites 2 to 7 with basal half or two- 
thirds, brown, eighth tergite and steznite more or less brown. Pemora yellowish, 
apieal sixth dark; tibiae yellow, bases of fore and hind pairs and apices of all 
of them brown; fore tarsi broken off, the apices of the first and second seg- 
ments of middle and hind tarcd yellow, their apices and the whole of the re- 
maining segments dark brown. Fore tibiae with one, middle and hind tibiae 
with two spurs. Wings hyaline, veins yellow, r-m crossvein dark brown; petiole 
of cubitus about half as long as the m-cu crossvein; anterior branch of the 
cubitus slightly undulate. Squama fringed. Halteres yellow. Length (in al- 
cohol) 2.2 mm. 

Yunez River, Puerto Rico, August 11, 1935. Type in the Cornell 
University Collection. 

Coelofanyptis concinnus Coquillett 

Taken at light. Cartagena Lagoon, August 9. 

Cardiodadkis oiscurus Johannsen 

Taken at light, Cartagena L^oon, August 9. 

Cricotopus aherrans n. sp. 

?. Head yellow, occiput, antennae and mouth parts slightly darker. Eyes 
pilose, widely s^ratod on the front. Antennae with six segments of which 
the last is three times as long as the fifth. Thorax yellow, with the three 
broad vittae on mesonotum, the seutellum and metanotum, brown. Abdomen yel- 
low, the apical lialf of the second tergite the wh(de of the third, and the sixth, 
seventh, eighth and ninth tergites except narrow bases, brown. The terminalia, 
which are white, resemble those figured for Orthocladius dbsurdus (N. T. State 
Museum, Bull. 86, Plate 33, 7) with about five strong bristles at apex of each 
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lobe. Femora whitish with apical third dark brown; fore tibiae white, apical 
third dark brown, the other tibiae yellow, extreme base of second pair and basal 
third of hind pair more or less brownish; fore tarsi wholly dark brown, middle 
and hind tarra infuscated toward the tip; pulyjUi lacking; empodinm long; 
fore basitarsns 0.6 times as long as the tibia. Wing hyaline, veins yellowish, 
costa produced, cubitus forks distad of the crossvein. Squama not fringed. 
Halter es white. Length 1.8 mm. 

Type from Tanamd Eiver, Puerto Rico, March 12, 1935. 

Paratypes from the same locality March 12, 13 and May 11; 
from Ytinez River, Peb. 27, and Cagiiitas River, March 3, 1935 
Type in the Cornell University collection. 

The color of the middle and hind tibiae in the paratypes shows 
some variation. 

The Orthodadius dbsurdus Joh. noted above will fall in CHcotopus 
as defined by Edwards in 1929. Cricotopus insolitus Curran also 
from Puerto Rico has a similarly constructed terminalia but they 
are here relatively more slender and elongate than in C. aberrans 
and ab&urdns, 

Cricotopub conformis Curran. 

Taken at light Yunez River, Febraury, June; Tanama River, 
March, July; Rio Cidra, March; Lares, March; Quebrada Joha, 
March, 1935. 

Cricotopus itisoUtus Curran. 

Taken at light, Rio Cidra, June; Yunez River, February, June, 
August; Luquillo Mts., June; Tanama River, March, 1933. 

Corynoneura (Thiencmaniella) similis Malloch. 

Taken at light, Yunez River, June, August; Rio Cidra, March, 
1935. 

Pseudochiroimnus fulviventris Johannsen 

Taken at light, Yunez River, June 22; Luquillo Mts., June 10, 
1935. 

Ghironomns (StenocMronomus) ftircata n, sp. 

d. Head and antennae yellow, the scape, palpi and proboscis pale brown- 
ish, Eyes separated on the front by a width greater than the width of the 
dorsal process of the eye. Last antennal segment 1.5 times as long as seg- 
ments 2 to 13 combined. Palpi nearly as long as the last antennal segment, 
its second and third segments snbequal, fourth segment 1.5 times as long as 
the third. Thorax yellow, the two broad lateral vittae of the mesonotum, base 
of scutellum, metanotum except for dne median yellow line, three large angular 
spots on the pleura, and two large spots on the pectus, brown. Thorax produced 
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over the head and pronotum reduced as bi Stenochironomus. Abdomen yellow, 
the larger i)art of the first and the apical third or half of third to sixth, and 
larger part of tlie remaining tergites brown. Spur of the ninth tergite long 
and slender the tip extending caudad to tips of the inferior and superior ap- 
I»endages, the latter slightly enlarged apically rtith strong anteriorly directly 
bristles and one long posteriorly directly bristle; the superior appendage en- 
larged and biistly at base, s’ender, bare and curved apically. Dististyles bristly, 
longei than the Lasistyles, gradually widened apically, ending in a fork the 
inner limb of which is stout, blunt, and thumb-like, the outer limb longer more 
slender and tapering to a point on wliieh a long slender bristle is placed. Legs 
Aeliow, foie tarsi not bearded, fore basitarsus 1.2 times as long as the tibia; 
pulvilli well develojied; fore tibiae with rounded scale; middle and hind tibiae 
each with two strong spurs on normal combs. Wings hyaline with pale veins 
including crossveia; the radius ends as far in front of the apex of the wing 
as the media does behind it; cubitus forks distinctly distad of the crossvein. 
Squama with a fringe of several hairs. Length 3.5 mm. 

Taken at light June 7, 1935. Type and paratypes from Luquillo 
ilts., Puerto Rico. The lack of wing bars combined with the peculiar 
furcate distictylesc distinguish this species from other members of 
the Rubgenus Stenochironomus. Type and paratypes, Luquillo ilts., 
June 7, 1935. Type in the Cornell University Collection. 

Chiro}wmus biilboaa Garry. 

This species was originally described from Cuba. Guaaiica La- 
goon, February 24; Yunez River, June 19; Cartagena Lagoon, 
August 3 and 10; Tortuguero Lake, August 15. 

Tanytarsus (Kheotanytarsus) meridionalis n. sp. 

Pale yellow, including legs, the metanotum and the three vittae of the. 
mesonotum darker yellow. It is probable that in life the abdomen, at least, 
is somewhat greenish. Eyes separated on the vertex by a distance subeqnal to 
the width of the dorsal extension of the eye. Antennal segments 2 to 13 
combined about l.i5 times as long as segment 14, Hypopygium closely resem- 
bling that figured in New York State Museum Bulletin No. 86, plate 33, 4; 
the apical fifth of dististyles curved down, about a fourth as wide as the distis- 
tyles near the middle; dorsal spur of ninth tergite acute, ending a little distad 
of apex of basistyle; inferior appendages slightly clavate ending beyond tip 
of the spur, with the usual strong curved bristle^; superior appendages shorter, 
ending little if any distad of apex of basistyle, apical and distinctly broader 
than toward the base with a few fine erect bristles; brush slightly shorter than 
superior appendages, ’ivith apical half or two-thirds with flatteWd blade-like 
hairs which are broadest at the tip. Anterior tibia with a short sharp spur, 
fore basitarsus about 2.3 times tibia in length; middle and hind tibiae each 
with two combs which are separated from each other at the base by a distance 
nearly half the depth of the comb; each comb with a long, sharp, slightly 
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curved spur; pulvilli vestigial; empodium small. Wings hyaline vrith pale 
veins; rather densely haiiy*; posterior branch of radius ends but very slightly 
distad of anterior branch of the cubitus; media ends in the tip of the wing; 
cubitus forks far distad of the shoit cross vein. Length 1.70 mm, wing 1.25 mm. 

$. In coloring like the male. Antennae seven segmented, the second and 
third more or less fused, the intermediate segments spindle-shape, without dis- 
tinct necks, the last segment slendei, scarcely twice as long as the next to the 
last. Batio of fore tibia to basitarsus as in the male. Wing slightly broader 
than in the male. Length 1.25 mm. Wing length 1.25 mm. 

This species differs from the North American T. exigiius Joh. and 
from the South American T. ahhreviatus Kieff, in the relatively 
longer fore basitarsus and the relatively shorter terminal antennal 
segment in the male. 

Type and paratypes from Yunez River, August 14, 1933. Other 
localities: Rio Cidra, March 23; Luquillo Mts., June 10; Tanama 
River, March 12; Quebrada elobo, March 7; Tortuguero, March 19, 
1935. TjT)e and paratypes in the Cornell University Collection. 

Geratopogon (Brachypogon) impar n. sp. (Ceratopogonidae) 

9. Thorax including scutellum and metanotum black, slightly cinereous, 
notum sparsely short bristled; abdomen yellow, third and fourth tergites each 
with a pale brown median transverse band interrupted and darker in the mid- 
dle; fifth and sixth tergites show a trace of an interrupted band in the form of 
two dark spots place side by side; apex dark; venter yellow. Antennae yel- 
low, sc'ape dark. Legs yellow, basal half of fore and middle femora and ex- 
treme apex of all of these, dark; claws equal. Wings milky, without micro- 
trichia; apex of radial veins fused into a conspicuous dark stigma ending 
about the middle of the wing but slightly distad of the level of apex of 
Ouj; media ends dightly behind apex of wing. Halteres pale. Length 0.8 
mm in alcohol; wing 0.7 mm. 

The coloring of the abdomen and legs seems to be subject to some 
variation since in the paratype the paired marks on the abdomen are 
fused on the middle line and the middle and hind tibiae are slightly 
darkened in the middle section. 

Tliis species differs from the European C. viiiostis in coloring and 
in the relatively shorter radial veins. Type from El Yunque trail, 
June 10, 1935; paratype from Luquillo Mts., June 7, 1935. In the 
Cornell University Collection. 

Paltostom<i agyrocincta Cnrraii (Blepharoceridae). 

Sabana River, March 7 ; Luquillo Mts., June 7 ; La Mina Recrea- 
tion Area, July 14; El Yunque Trail, July 27. 
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Key to North American species of Martana (Psychodidae) 
(Based largely on descriptions) 

1. Basal sections of Rs and M. obliterated and lacking hairs; wing narrow 

lanceolate, about four times as long as wide; Es originates distad of 
the level of the base of M-; hairs of body and wings brown, hair 

tufts on thorax and wing base blackish brown. Puerto Eieo hirta n. sp. 

Basal sections of Ea and Ms distinct, or differing in other characters (2) 

2. Thorax with black or brown hairs; antennae three-fourths as long as 

width of wing; legs black, basitarsi white; ventral plate ^ongate, 
narrowed toward the base. Length of female 2 mm. California and 


Washington lanceolata Klnkaid 

Thorax largely with ydlow hairs (3) 

3. Legs uniformly blackish brown; wing with blackish hair, basal part to 

the fold with whitish hair. Male. Maryland nuda Dyar 

Legs more or less pale 4 


4. Antennae nearly as long as the body, segments beyond the second over 

three times as long as broad; petiole of E,-f .4 less than half as long 
as the cell Es; petiole of Mi + 3 less than a fourth as long as the 
cell Mi; body and legs covered with yellow hairs; length 1 mm. Fe- 
male. Mexico cirrata Ooq. 

Antennae shorter; wing with white tnft at tip 5 

5. Hair of abdomen pale, slightly mixed with blackish; wing uniformly 

covered with black hair; length 1 to 1.25 mm. Female. St. Vincent 

Island angtbstipennis Will. 

Hair of abdomen darker, clothed with short black and white, and longer 
dark hair; tip of ventral plate narrow with shallow emargination and 
rounded lobes; wing with two transverse black bands; length of wing 
2.5 mm, breadth 0.45 mm. Ajrizona unipunctata Haseman 

Mamina californiensis Kellogg cannot be included here since only 
the immature stages are known. The species calif arnica Kinkaid does 
not belong to the genus Mamina ; JI. cirrafa is placed in the genus 
on the authority of Dr. Dyar. 


Handna hirta n. sp. 

Hairs on head, body and wings coarse, flattened, scale-like. Hairs on 
head brown with blaekisli-hrown tufts on each side above the eyes; edender burs 
on first basal and on the seven apical antennal segments pale brown, the re- 
maining antennal segments shaggy with somewhat broader, closely crowded 
blackish-brown hairs. Antennae 0.6 mm long, the segments short ovate, with- 
ont distinct necks. Eyes separated on the vertex by nearly three times the 
width of the eye-bridge. Ground color of thorax and abdomen pale; a dense 
tuft of blackish hairs anteriorly on mesonotum on each side, remainder of thorax, 
abdomen and legs more sparsely covered with brown hair. Tarsi pale, sparsely 
short haired, apical segment dark. Each wing with a dense tuft of long, blackish- 
brown scale-like hairs on the costa proximad of the fold and another tnft of the 
same aize just distad of the fold, wing veins with long brown hairs, costal and hind 
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margin ip^ith a dense fringe of long brown hairs, that on the hind margin measur- 
ing 0*6 to 0.7 mm in length. The wing membrane as seen in the denuded wing 
is tinted pale brownish with a hyaline patch distad of the middle and more 
or lebs hyaline basally, in cells Bs, and the anal angle. The venation 

somewhat resembles that figured by Haaeman (1907) for M. umpwnctata Has. 
but the bases of Bs and Mj are obliterated. It resembles still more closely 
that figured by Muller for M. pilosella Muller (1895) differing in that Bj is 
about as long as the petiole of B^ and Bs, and also that the interruption at 
the bases of B, and Ms is more extensive. 'Wing about four times as long 
as wide, apex acute as in M. unipunctatcL The halteres are pale. 

The hypopygium is of the usual P^diodid lype; minor appendages hair- 
less, well developed, the basal segment more or less cylindrical, more than twice 
as long as wide, the apical segment a little shorter, but more lender and 
tapering to the apex. Basal segment of major appendages pear-shaped, basally 
with twenty or more long, slender, erect hairs; apical segment about .035 long, 
capitate, the head-end with small dark scalei^ the petiole much attenuated and 
bare. Last stemite (dorsal in position) ifiightly longer than broad, parallel 
sided, apex truncate with rounded angles. Ninth tergite (ventral in position) 
slightly broader than long with median somewhat trxmcated lobe between the 
short, rounded lateral lobes. Length of insect 1.6 mm; wing lenth 1.3 mm. 

$. Like the male exc^t for sex charactera The palpi are 0.3 mm long, 
the apical segment 0.125 mm. The tuft of densely placed hairs on the 

basal antennal segments so conspicuous in the male is lacking. 

The holotype from the Guaynabo River, Puerto Rico, Febmarj’^ 
21, 1935 ; allotype and paratype from the Yunez River, June 20, 1935. 

Larvae and pupae collected at the same time and place resemble 
those of Maruina caUforniensis Kellog (1901). In the Cornell Dni- 
versity Collection. 
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Part I. — ^Environmental Condition Affecting the Distribution 
of Coffee Boots in Coloso Clay 

By J. GoscvFR^-ARaiLLAGJL and Luis A. GdMEz 
Introduction 

To the present, the aerial portion of plants have been more in- 
tensively and thoroughly studied in botanical and agronomic prob- 
lems. The reasons for this are obvious, among the most important 
being that it is the part from which man usually derives more in- 
come and the easier on which to undertake investigations. 

However, knowing that production in the tops of plants depend 
on the roots and particular environmental soil conditions it is clear 
that studies of the root system help a great deal the technologist 
and agronomist in the efficient performance of agricultural practices, 
such as systems and distances for planting, fertilizer application, 
general tillage operations, drainage and irrigation systems, control 
of diseases and erosion, intercropping and others of special applica- 
tion to particular crops, all of which contribute to a more productive 
aerial portion. 

With these objectives in view and to obtain fundamental knowl- 
edge on which to base investigations and recommendations for neces- 
sary agricultural practices in the growing of coffee, this study was 
undertaken. 


Literature Bbvibw 

The distribution of roots of crop plants in the soil and related 
problems have been studied by G6mez (1), Lee (2), Lee and Bis- 
sinber (3), Nutman (4), (5), (6), Trench (7), Venkatraman (8), 
Weaver (9), Weaver and Christ (10). These investigators have 
devised and used various methods for the most accurate determina- 
tion of the root system under study. Such methods may be clas- 
sified as natural and artificial. Those methods in which specially 
designed boxes or cylinders are used for growing the plant the root 
system of which is to be studied, may be termed as artificial while 
the methods of excavating and weighing the roots of plants as they 
actually occur at different soil depths, or that of exposing and fol- 
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lowing the roots by washing with Jets of water or loosening the soit 
with hand tools and drawing the root system to scale in the fields 
may be classified as natural. 

The arfiTiciaJ method: This has been used by Lee (2) and Ven- 
katraman (8). The method followed by Lee (1) consisted in plant- 
ing gsnar cane seeds in boxes with detachable sides and poultry 
netting wire placed horizontally and filled up with soil at different 
depths. Once the plants had attained the desirable size, the soil 
was washed away and the roots exposed but held in their correct 
position by the horizontally placed poultry netting. In this way 
the distribution of the roots at different depths was determined. Lee 
<2) originated a more natural and accurate method later. 

Venkatraman (8) used earthenware cylinders in which cane seeds 
were planted for studying the root distribution. 

Natural methods: The following investigators have used the 
“natural methods*’ for the study of root systems of plants: Lee ^2), 
Gomez Xiitman (4), (5), (6), Trench (7) and Weaver 
et al. (9), (10). 

The method used by Lee (2), Lee and Bissinger (3), while mak- 
ing studies of the root distribution of sugar cane m Hawaii and the 
Philippine Islands may be described as follows: after selecting 5 
to 10 stools as uniform as possible in a commercial field, the cane 
is cut and the green and dry weights of the tops determined. Stakes 
are set exactly half way between the rows of cane to be studied and 
the contiguous rows on both sides. A cord is stretched around the 
four stakes enclosing the cane stools under study. Then the excava- 
tion is b^un within this area and all soil removed to a depth of 8 
inches care being taken that the excavation does not exceed 8 inches 
in depth. As the earth is removed from the area studied, it is thrown 
in a wire screen of i'4-inch mesh placed at one side of the excavation. 
The screen separates the roots from the soil. All the roots found in 
the top-most 8-ineh layer represent the mass of roots of the 5 or 10 
stools in the top-most 8 inches of soil. The roots from the top-most 
S-inch layer are then collected in bags, labelled and held until the 
complete excavation has been made. Deeper excavations are then 
started and the roots separated for every 8-inch layer until the desired 
depth is attained, which is usually that point where the quantity 
of roots found is negligible. The roots from the various soil levels 
are then washed, separately air-dried, and oven dried, until all 
moisture is removed and weighed. 
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FolloAving this method which is very accurate, the distribution 
of roots at various soil depths is determined with certainty. Lee (2), 
(3), prefers this quantitative method to the expensive, and almost 
impossible task of longitudinal measurements since the weights of 
roots may possibly be even better index of the absorbing surfaces. 

Gomez (1) followed Lee’s method for the study of the distribu- 
tion of sugar-cane roots in certain soil types of Puerto Eieo, 

Nutman (4), (5), (6) has studied the root system of coflEee, 
Coffee arabica L., in various soil types of British East Africa using 
various methods. 

Where water was readily available Nutman studied the root sys- 
tem of coffee by washing the soil with fine jets of water under pres- 
sure. The soil was washed in layers and the roots exposed and fol- 
lowed to their terminations. The roots were pegged in their posi- 
tion on the soil face by means of long, pointed steel rods. When 
the roots of the whole selected sector were washed out, and the roots 
pegged in their natural positions a string grid of 1 ft. mesh was 
then erected and the root system drawn to scale in the field. Where 
water was not available, excavation was performed by hand with the 
help of hammers and chisels. 

But Nutman (6) used furthermore the following method which he 
claims to be more accurate. This consists in digging a trench with 
one face 8 to 9 inches from the trunk of each experimental tree. The 
soil is then washed away in adequately measured 1 ft. cubes by a 
jet of water of % inch diameter and 10 pounds of pressure. The 
soil washed is examined and all roots from each cube are collected, 
washed, labelled and preserved. Then all the feeding roots are meas- 
ured from a selected section of the root system. In this way it is 
determined by trees the distribution of the feeding area at various 
soil depths. 

In addition Nutman (5) has studied the effect on the coffee root 
system of various soil conditions, such as presence of hardpans, 
aeration, height of the water table, soil reaction, manurial treatments 
and cultivation methods. 

Trench (7) after studying the root system of coffee trees in 
Kenya carefully removed by washing, comments that the root system 
of coffee can be materially affected by environmental factors and 
that it can be modified by wise guidance and suitable treatments for 
proper development 

In the United States of America, Weaver and his associate (9), 
(10) have studied intensively the root systems of numerous plants 
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in various regions of that eountiy. His method consists in working 
into the side of a trench with hand tools and folowing up the roots 
by breaking away the soil. Once exposed, the entire root system 
is drawn to scale in the field. 

After a critical study of the work done and the results accom- 
plished by the investigators just mentioned, the writers developed 
a new method which is really an outgrowth of the methods developed 
by Lee (2), (3), G6mez (1) and Nutman (6) but which is thought 
to be more adaptable for the study of the root system of coffee in 
our prevailing soil and climatic conditions. 

Before going into the details of the method used in this prelimi- 
nary study, an account will be given of the conditions of the trees 
studied and their environment. 

CoNDiTioxs Relative to the Soil and Coffee Trbies Studied on a 
Representathb Son. Type of Puerto Rico 

The six coffee trees selected for this study were located at the 
farm of the College of Agriculture and Mechanic Arts at Maya- 
giiez, P. R. 

These trees were growing in a 2-acre terrace of soil belonging 
to the Coloso Clay tj-pe and surrounded on two sides by a mumII 
stream and hills of low elevation of Catalina Clay. The Colc«o 
Clay found in tliis terrace originated from alluvial and colluvial 
deposition of the stream and the neighboring hills Terraces of this 
nature and soil tjpe are quite abundant in the coffee region of 
the island. The drainage of this soil is poor during the rainy season 
due to the liigh level of the water table. This soil has been found 
to he quite productive when proper drainage systems are made. The 
physical and chemical analyses of this type of soil are shown in 
tables III and IV. The average annual rainfall for this region is 
81 inches. 

The six coffee trees used for this study were 7 years old. The 
average size of these trees was 299.16 cms. high, 159.66 ems. wide 
and of a trunk diameter of 3.70 cms. The individual sizes of all 
trees is shown in table VIII. The general vegetable conditions of 
the trees is shown by tree No. 6 in plate 3. All the trees studied 
belong to the arabian coffee type, Coffea arabica L., which is the 
coffee variety extensively planted in the island. 

The general conditions of the field where the excavation was per- 
formed may be described as follows: The coffee trees were planted 
systemaiically in rows at 8 ft. X 8 ft. under leguminous shade trees 
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of “guaba”, Inga Inga (L.) Britton, and “guaml'', Inga Uurina 
(Sw.) Willd., planted at an approximate distance of 16 ft. X 16 ft. 
The agricultural operations effected rearly consisted in weeding with 
a ** machete two or three times, and pruning the diade lightly after 
picking the crop. Xo fertilizer was ever applied to the trees in this 
field. 

The excavations of the root system were started on February o£ 
1937 and finished on May of the same year. The trees were in bloom 
when the tops were cut off. 

Method of Procedure 

For this study, six contiguous trees were selected in one of the 
innermost rows of the field. The tops were cut close to the soil 
surface and the green weights of the stems, leaves and lateral branches 
nere obtained by direct weighing in the field. The dry weights of 
These same parts were obtained later after drying in the sun and ip 
electric ovens. Table VIII shows the green and dry weights of each 
tree. 

Once the tops were removed, stakes were placed halfway between 
the row of coffee trees to be studied and the neighboring rows on 
both sides. A cord was stretched around these stakes thus marking 
a total area of 384 sq. ft. equivalent to an area of 64 sq. ft. corre- 
sponding to each of the six trees. The position of the stakes, the 
top-most total area excavated and the planting distance of the trees 
is shown in text figure No. 1. 

The area corresponding to each tree was then divided in squares 
of one sq. ft. each by means of 5-inch nails and cords. The excava- 
tion was begun, and the soil was removed in blocks of exactly one 
cubic foot in the 64 sq ft. area corresponding to each tree. The 
depth of excavation was carefully checked with a 12-ineh hand ruler. 
The roots found in each cubic foot excavated per tree and per layer 
were separated from the soil by a uire screen of % inch mesh and 
by hand. The roots found were collected in cloth bags and taken 
to the laboratory where they were washed and spreaded under shade 
until the excess of water was evaporated. Then the green weights 
were determined. Afterwards the roots found in each cubic foot were 
dried in electric ovens to determine the dry weights. The same was 
done with a second layer to a depth of 24 inches, with a third layer 
to a depth of 36 inches, and to a fourth layer to a depth of 48 inches, 
in which layer the amount of roots found was very small. Details 
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concerning the excavation and separation of the roots from the 
•soil are shown by plates Nos. 1 and 2. 

The excavation by cubic foot was controlled by an excavation 
map specially prepared for the total area to be excavated for each 
tree, by numbering each block. The excavation map of the root 
system of the six trees used for the four la^^ers excavated by blocks 
of one cubic foot each is show’n in text figures Nos. 3, 4, 5, 6, 7 and 8. 

It was possible to make the excavations by blocks of one cubic 
foot due to the stiffness of the clay contained in the soil. It is real- 
ized that in loose soils this method is impracticable, but it is claimed 
to be the most accurate method for the study of root systems in clay 
soils because it makes possible to determine not only the quantities 
of roots at different soil depths but also the distribution of the roots 
in definite lateral areas. In other words, this method determines 
the lateral spread as well as the vertical penetration of the roots 
studied. 

It is expected that some of the roots of the trees under study 
have extended on both sides beyond the excavations limits, but in a 
^eld planted at uniform distances, the loss of roots beyond the limits 
of the excavation are compensated by the roots of the trees of the 
neighboring rows which extend into the excavation. This idea ad- 
vanced by Lee (2), (3) is applicable to systematic root studies in 
fields planted out at uniform distances; the types of field that should 
he used in studies of this nature. 

The two major handicaps in the execution of this study were, the 
search for a systematic plantation, which are still few in the island 
and the separation of the coffee roots fr#m the roots of neighboring 
shade rtees, as all coffee is grotvn under shade in Puerto Rico. 
This separation was possible by a thorough study, previous to the 
excavation of the rot systems under study, of the roots of coffee, and 
the shade trees in the vicinity. The morphology, color and odor of 
the coffee roots is typical, but in order to avoid any errors, as the 
separation of the roots from the soil was done by laborers, the roots 
found in each cubic foot excavated w'ere thoroughly inspected by 
the writers and the roots of the shade trees discarded. 

The writers also admit that the green weights of the roots ai^e 
not completely accurate. There is the possibility for some water 
to be lost, thru the necessary handling during the excavation, separa- 
tion and weighing, but if care is taken to perform under shade all 
the operations involved in the excavation, separation, washing and 
drying until the excess of water brought in by the washing is re- 
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moved- it most be realized that there is accuracy in the method used 
for the determination of the green weights. Although before start- 
ing the study^ the difSeulty involved m the determination of the 
green \\ eights of the roots was appreciated these were obtained in 
order to compare the ratios of tops to roots based on the green and 
diy weights of both parts of the trees. 

Results 

NIKEIY-FOUB PERCENT OP THE COPPEIE ROOTS WERE FOUND IN THE 
TOP-MOST 12 INCHES OP SOIL: 

That 94: percent of the roots were present in the top-most 12 
inches of soil is shown by the following tables I and II in which the 
greatest quantity of roots of each of the six trees was found in 
the top-most 12 inches of soil. 

The quantity of roots decreases tremendously from the 12-me6 
level downw'ard to the depth of 48 inches at which the quantity of 
roots found was n^ligible. A small amount of roots was found for 
trees Xos. 3 and 6 at a depth of 48 inches. According to the 
figures, it is shown that 94 percent of all rots was found in the top- 
most 12 inches and that practically the whole I’oot system of seven- 
year old coffee trees growing in Coloso Clay is found in the first 24 
inches of soil, since 99 percent of all the roots of the six trees under 
study ’were excavated above the 24-inch level, (see Photos. 4 and 5.) 

THE PERCENTAGE OP ORGANIC MATTER IS HIGH IN THE 
COLOSO CLAY TOP-SOILS: 

There was 2 percent of organic matter in the top-most 12 inches 
of soil as indicated by table III. This is remarkably high for Puerto 
Rican soils. The quantity of organic matter decreases tremendously 
at lower depths. The high content of organic matter in the first 
layer is undoubtly due to the acumulation of leaves and other vege- 
table remains of the coffee, shade trees and w'eeds. The high content 
of organic matter may have a direct influence on the development 
of more roots at the surface, although the effect of better aeration 
of surface layers is also a factor to be considered. 

As shown also by table III, the percentages of silt and clay was 
practically the same at all soil levels while the percentage of total 
sand was greater at the 36 and 48 inch level. 

The high percentage of clay, and average of 72 percent, makes 
this a distinctly clay soil. 



TABlft I 

DISTRIBUTION BY WBIQHT OB ROOTS OF OOFFBB TREES, 7 YEARS ODD, IK COLOSO OLAY SOIL AT DIFFERENT SOIL DEPTHS 











































Table II; 

PHYSICAL ANALYSES OF ROIL AT DIFFERENT DEPTHS 
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Underscored figures Indicate higher coneentratlon of nutrients. 
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PHOTO No. 3. The size and vegetative conditLons of one of the 
siz trees studied. 
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THE PRINCIPAT. I^LAXT NUTRIENT^ ARE PRESENT IX FAVORABLE 
^JUAXTITIES AT THE SOU. LE\*ELS STUDILI): 

Upon examination, table IV sho\\s that the nitnj^on aiul pota.-^h 
are present in rather higrii quantities, while phosplioriis is present 
in low quantities. The quan ity of litese three nutrients is practi- 
cally the same at all depths. 

The pH, on the average 4 6. indicates that the soil reaction is 
decidely acid. The content of calcium was extremely low and as 
well as the pH, was practically the same for all soil levels. The iron 
was present in higher quantities at the 36 and 48-inch levels while 
alumninum was present in lower amounts at these same levels. 

The percentage of moisture ali hough higher at the first layer 
was practically the same at all the other soil levels studied. 

Magnesia is present at all soil depths in greater quantities than 
calcium. 

In general, according to the chemical analysis shown by table IV, 
the Coloso Clay is a good soil. It has proved to be productive for 
sugar cane growing specially in dr\' years and when using the ‘‘gran 
banco” system of planting which provides adequate conditions of 
drainage. 

In text figure 2 the distribution of the coffee root system is shown 
in relation to the root weight and physical and chemical soil analyses 
of the different soil layers. 

A IIEVW TOP IS NOT DEPENDENT OX A STRONG AND IIE.VVV ROOT SYSTEM; 

In tables Y and VI is shown the advantages of the new method 
used for tin’s study. 

In table V, in the first layer, of the 384 cu. ft. excavated for 
the six trees, only 242 cu. ft. were found with roots and ihe number 
of cubic feet found with roots decreased enormously in the other 
three layers. In the fourth layer, of 384 cu. ft. excavated, only 
4 cu. ft. "were found with roots and these belonged to the root sys- 
tems of trees Xos. 3 and 6. Text figures 3 to 8 show the advantages 
still more clearly since in the excavation maps for each tree, the 
lateral extension and vertical penetradon of the roots is indicated 
by the dry weights of the I'oots found in each cubic foot excavated. 
Upon examination, each Individual excavation map shown in text 
figures 3 to 8, gives an aprttximate idea of the form of the root 



240 THB JOUBKAIi OF AORK I 1 POKr OF THE TOIVERSilT OP P R, 



PHOTO No 4 Quantitatiyo distrlbutiou of roots found per tree and per layer in the six coffee trees studied 
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system of each 7-year-old coffee tree ia this type of soil. According 
to the dry weight of roots found per cubic foot per tree and to the 
position of the blocks of soil found with roots, the form of the root 
system is that of an inverted cone of rather short height. It is also 
shown in text figures 2 to 8 that the vertical penetration of the root 
system is 4 feet and the lateral extension is approximately 4 feet 
also. 


Table V 

DISTRIBUTION OP ROOTS AT DIFFERENT SOIL DEPTHS IN RELATION TO 
TOTAL VOLUME OP SOIL EXCAVATED AND TO VOLUME OF SOIL 'WHERB 
ROOTS WERE PRESENT 


Qn ENTITIES OF Roots, Det Weights 


Layer depths 

Total nfreight 
of roots per 
layer of six 
coffee trees 

Total cable 
feet excavated 
per layer 

Wei^t of roots 

per layer per 

cubic foot 

Cable fieet 
excavated 
wbere roots 
were found 

We^ht of root 

per cubic foot 

where roots 

were found 


Grams 


Grams 




1175 18 

384 

3 060 

242 1 


12 "- 24 " 

63 26 

384 

0 140 

103 ' 



8 72 

384 

il 

35 1 


36"-48" 

0 67 

384 

0 002 1 

4 1 


Total 

1247 83 

1536 


384 

■■■ 


In table VI, is shown that of a total of 256 cu. ft. excavated 
for each of the six trees studied, the number of one cubic foot blocks 
containing roots fluctuate between 51 and 76 blocks. 

The trees wdth the heaviest root systems, Nos. 2 and 6, do not 
have the most extensive root systems since all their roots were found 
in 65 and 57 oiie-eu ft blocks respectively. If table 8 shown later 
is examined, it will he noticed that trees Nos. 2 and 6 do not possess 
the heaviest lops. 

Table VI 


W EIGHT OF BOOTS PER CUBIC FOOT OP SOIL PER TREE 


Tree numlei 

Dr\ weight 
of rootsi iier 
tree | 

Totsd cubic 
feet excavated 
per tree 

Wei^t of roots 
per cable foot 

Cable feet 
where roots 
were found 

W eight of roots 
per cubic foot 
where roots 
occurred 


Grams 


Grams 

1 

' Grams 

1 

167 15 

256 

0 65 

62 

2 7f 

2 


256 

1 17 

6a 1 

4 b2 

3 


256 

0 82 

73 

I 2 00 

4 


256 

0 47 

51 1 

1 2 37 

5 

1% 79 1 

256 

0 77 

7b 

259 

6 

260 3b 

256 

0 08 

57 1 

1 4 19 
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With the exception of tree No 4 the figures for the dry weights 
«of tops and roots and number and position of the one-cubic foot 
lilocks excavated for each tree found with roots, indicate that a 
heavy top growth is not dependent on a heavy and extensive root 
system. This is in accord with Lee^s (2), (3) and Gomez (1) in- 
vestigations on the root systems of sugar cane in Hawaii, the Philip- 
pine Islands and Puerto Rico. 

THERE IS NO FIXED RATIO OP TOPS TO ROOTS IN COFFEE TREES: 

Studying the figures for green and dry weights of tops to roots 
ratio since it is different for all the six trees studied. Based on the 
total dry weights of the tops and roots of all trees, the ratio of tops 
to roots ratio is 7. Inasmuch as these figures are practically equiv- 
alent it may be stated that the ratio of tops to roots is aproximately 
8, taking in consideration either the dry or green weights of both 
parts of 7-year-old coffee trees. 

In table VII information is given also regarding fertilizer ap- 
plications and moisture conditions of the six trees studied. 

THE TRUNK DIAMETER OP COFFEE TREES IS A GOOD INDICATION OP A 
HEAVY TOP AND A STRONG ROOT SYSTEM : 

In order to understand clearly the possible interrelationships 
between certain botanical characteristics of the tops and roots of 
the trees studied, table VIII was prepared. 

This table show's the following: 

{a) That the average tree size for the trees used in this btudy 
has a height of 299.16 cms., almost 10 ft. ; 159.66 cms. 
or 3 ft. 4 in. of lateral spread and a trunk diameter 
of 3.70 cms, approximately 1% in. 

(b) That the average tree top and root system in this series 

weighed 1849.16 grs. and 207.97 grs. (dry weight) 
respectively. 

(c) That the trunk diameter of coffee trees was more in- 

dicative of a heavy top and a strong, extensive, root 
system than either the height or lateral spread. The 
figures in table VIII show this clearly; the trees with 
a trunk diameter of 4 cms. or above are in general the 
trees having the heaviest and most extensive root sys- 
tems. For comparing the root extensiveness of the six 
trees, refer to table VI. 



244 THE JOX.TIKAL OP AGKICULTXJKE OP THE UNIVBBSITT OP P. B. 

Table VII 

RATIO OF TOPS TO ROOTS OF EACH TREE BASED ON GREEN AND DRV 
WEIGHTS AND ITS RELATION TO MOISTURE AND FERTILIZER 


Dby Weights 


1^ number 

Fertilizer 

applied 

Average per- 
cent of s'oil 
moisture for 
all layers 

Tops 

Roots 

Ratio of tops 
to roots 




Grams 

Grams 


1 

None , . . 

22.93 

L 642.00 

167.35 

9.81 

2 

None.. 

, 22.93 

2; 038.00 

300.36 

6.78 

Z 

None 

22 93 

1,925.00 

212.22 

9.07 

4 

None 

22 93 

1,471.00 

120 75 

12.18 

5 

None.. . 

' 22 93 

2,094.00 

196.79 

10.64 


None 

i 22.93 

1,925.00 

250.36 

7.68 

Totals 

■ 


1,247.83 

8.88 


Green Weights 
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Other infomaation that can be obtained from table VIII is in 
relation to the water contents of uprights, lateral and leaves and 
roots. Based on the dry and green weights, there is approximately 
50 percent of water in the uprights; 23 percent in the lateral 
branches and leaves, 39 percent in the whole tree tops and 50 percent 
in the roots. The figures definitely indicated the w^oodiness of the 
coffee tree. 

Discussion and Conclusions 

Recognizing the necessity of fundamental knowledge regarding 
the root system of coffee in Puerto Rico in order to be able to in- 
troduce better agronomic methods for growing this crop and to be 
able to offer definite explanations for failures attained, the present 
study was undertaken. A new method was used endeavoring to 
obtain abundant as well as accurate and reliable information. This 
method, consists in excavating one-cubic foot-blocks of soil in definiie 
volumes of soils corresponding to each of the trees under investigation. 
The green and drj’ weights of the roots found in each cubic foot of 
soil is obtained and by using an excavation map for each of the root 
systems, the weight as well as the vertical and horizontal distribution 
of the roots excavated for each tree is obtained. The method used, 
just mentioned is the outgrowth of methods previously used by Lee 
(2, (3), Nutman (6) and Gomez (Ij for studying the root systems 
of sugar cane and coffee. 

Lee (2), (3) trying to get a quantitative distribution of the 
roots of sugar cane at different soil levels designed and successfully 
executed an accurate, fast, practicable and relatively inexpensive 
method of studying root systems of plants which has been fully 
described. Using Lee’s method, no roots are lost since these are 
carefully separated by screens and by hand as the soils is excavate*! 
by 8-inches layers at several depths. By tveighing the roots exca- 
vated by layers, an accurate distribution of the roots of the plant 
studied at definite soil depths is obtained. However, no information 
is obtained as to the lateral extension of the roots. Lee s method 
has the further advantage that it is practicable under conditions 
nafurallj’^ existing in commercial fields. 

Gomez (1) followed Lee’s method for study mg the root system 
of sugar cane in the western part of Puerto Rico and obtained useful 
and practical information. 

Weaver and his associates (9), (10) studied intensively the root 
systems of many different plants in the United States by w'orking 
into the side of a trench with, hand tools and following up the roots 
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by breaking away the soil. Once the root system is exposed, it Bn 
drawn to scale in the field. 

Although Weaver’s method gives information as to the vertical 
penetration and lateral extension of the root systems, it must be 
recognized that a certain quantity of small roots must be lost neces- 
sarily in stitf soil since a soil of this nature breaks out in lumps of 
various sizes. The loss of these small roots will affect the results 
obtained because no accurate information can be obtained regarding 
the location of the real absorbing area of the root system. Besides, 
the information obtained in relation to the lateral extension of the 
roots is not representative because the roots do not probably extend 
to the same distances in all directions, taking as axis the trunk of 
the tree and its prolongation, the central root. In other words 
Weaver’s method gives good information if the vertical penetration 
and lateral extension of the principal roots of the entire root system 
is desired, 1>ut since a certain quantity of the roots is lost, is impos- 
sible to get the real location of the absorbing surfaces at different soil 
levels. 

Nutman ( 6 ) has used two methods for the study of the root sysr 
tern of coffee in Kenya. The first is very similar to that developed 
by Weaver and his associates (9), (10). The second method, which 
according to Nutman is possibly the most accurate method for study- 
ing tlie root system of plants consists, briefly, in washing away the 
soil in 1 foot cubes with fine jets of water at a definite selected 
section of the root system. The roots found at each cube are washed 
and the total length of the feeding roots measured. 

The disadvantages of this method are obvious. In computing the 
total feeding area for the entire root system, it must be assumed 
that the average diameter and concentration of the root hairs is 
constant, a great percentage of the total roots is ignored since only 
a section of the entire root system is studied and tlie longitudinal 
measurement of the feeding roots must be necessarily a complicated 
and expensive procedure. Nutman developed this method believing 
that the longitudinal measurement of the feeding roots is the best 
indication of the absorbing area of the tree. But that the quantita- 
tive determination by weighing the roots is as good an indication of 
the absorbing capacity of the root system as longitudinal measure- 
ments, was first advanced and proved by Lee (2), (3) and later cor- 
i^oborated by Gomez (1) and the writers. Besides, although Nutman 
insists on longitudinal measurements, the figure obtained with his 
method (6) indicate that the greatest concentration if feeding roots 
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occur in the top-most 12 inches of soil which definitely establishes the 
fact that the weight of roots at definite levels is an accurate means 
of determining the location of the absorbing area of the root system. 
This is to be expected since the concentration of large numbers of 
feeding roots although of small size and weight will affect the total 
weight of the roots found at a definite soil depth. 

Nutman’s (4), (5), (6) intensive works on the root system of 
ooffee in various types of soil in Kenya, have undoubtly contributed 
to explain and solve important problems related with the coffee 
industry of that country. 

Nutman (5) also studied the effects of various soil conditions in 
modifying the root-growth of coffee trees and found that in general, 
hard-pan has little effect on root development ; lava, mud-stone gravel 
strata and high water-iable cause penetration to be inhibited in 
greater or less degree and that the acid limit of satisfactory growth 
is at a pH of 5.8 to 6.00. 

According to the results obtained in this study 94 percent of 
coffee roots of 7-year-old trees in Coloso Clay are found in the top- 
most 12 inches of soil. These results generally agree with Nutman ’s 
results in Kenya (6) by which he found the greatest concentration of 
roots in the top-most 12 inches of soil, with Lee^s (2) results in which 
he found that sugar cane either hilled-up or in furrows, more than 
85 percent of the roots were found in the top-most 24 inches of soil 
and with Gomez (1) results in Puerto Rico in which 51.39 percent 
of the total amount of roots excavated at a depth of from 0 to 48 
inches, is found in the hilled-up and top-most 0-8 inch soil depth. 

However, it is believed by the writers that the concentration of 
94 percent of the total amount of roots excavated is a little abnormal 
and that must be due to an abnormal soil condition, in this case, 
the imperfect drainage typical of the Coloso Clay soil. From meas- 
urements taken on individual 2-year old trees in the coffee experi- 
mental fields planted at the Puerto Rico Experiment Station of the 
United States Department of Agriculture at Mayagiiez which indicate 
the height, lateral spread and trunk diameter that may be attained 
by trees under proper soil and cultivation, and from observations 
made on individual trees at commercial fields, it is found when com- 
paring the growth of trees used for this study with trees of less age, 
that the 6 trees studied had not developed properly. 

The Coloso Clay Soil being regarded as a productive soil in Puerto 
Rico is not responsible for the growth attained by the trees in 7 
years, but the improper drainage due to special environmental con- 
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ditions prevailing in the locality where the excavations were per- 
formed. It is expected that with better drainage conditions the 
growth attained by the six trees would had been greater and the 
penetration and lateral extension of the root system would had been 
greater also at the various soil depths studied. 

Although Coloso Clay is not the most common type of soil found 
in the coffee region of Puerto Rico it is present at flat, level places, 
near streams in farms where the Catalina Clay is abundant. There- 
fore, it is recomemnded to provide the coffee plantations growing in 
localities of conditions similar to those prevailing at the place where 
these studies were conducted, with proper drainage so that the growth 
of the trees may be normal and the production of the field, greater. 

The relatively high percent of organic matter of Coloso Clay ac- 
counts to some extent for the greater concentration of roots at the 
top-most 12 inches of soil although the effect of better aeration of 
surface layers is also responsible for a greater quantity of roots to 
be present in the first layer excavated. Nutman (5) found that 
maiiurial aplications always resulted in an increased feeder-growth 
in the neighborhood of the manure. 

Apparently, the texture of the soil and the concentration of the 
principal plant foods do not affect the growth of roots. This applies 
especially to the results obtained by this study because with the ex- 
ception of a few figures of the physical and chemical analyses of 
the 4 soil depths studied, the texture and the concentration of nu- 
trients was quite uniform for the 4 layers in which roots were ex- 
cavated. 

Contrary to the common believe that an exhuberant vegetative 
condition of tree tops must be correlated with a heavy and extensive 
root system, the resulis obtained in this study indicate that the con- 
ditions of growth of tree tops cannot be considered in figuring the 
conditions of gi'ow’th of the root system because a heavy top is not 
dependent on a strong and extensive root system, judging from the 
figures shown in tables Y, VI and YIJI. The results obtained are 
in accord with those obtained by Lee (2^, (3) and Gomez (1) in 
their stuides of the root systems of sugar cane in Hawaii, the Philip- 
pine Islands and Puerto Rico. 

According to the figures shown by table VII there is no fixed 
ratio of tops to roots in coffee no matter w'hether dry or green weights 
of tops and roots are used for determining the ratio. This accords 
with Weaver ^s (9), (10) results with studies of the root systems of 
plants in the United Estates. It may be stated conclusively that the 
ratio of tops to roots of young coffee trees was approximately 8 : 1. 
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In selecting trees with a vigorous and abundant vegetative condi- 
tion at the tops and strong, extensive root systems, the diameter of 
the trunk is a better indication of the possession of these desirable 
characteristics than either the lateral spread or the height. This was 
shown definitely by the figures in tables VI and YIII already ex- 
plained. In the six trees studied, those with a trunk diameter of 4 
cms. or above were the trees with the heavier tops and heavier and 
more extensive root systems. 

The new method of studying root systems of crop plants, de- 
veloped by the writers and used for studying the root S 3 rstem of 
coffee, C. araiica L. in Puerto Eico, besides making it possible to 
obtain the information discussed already, enables us to propose a 
description for the root system of coffee based strictly on the results 
obtained. Such root system may be described to have the form of 
an inverted cone with a wide base; the spread of the roots in the 
top-most 12 inches of soil, and a rather small height, the vertical pene- 
tration. There is really no pivot or main root in the coffee root 
system. The broad, central root noticed in text fiigure No. 2, is 
part of the stem, buried as a result of a tendency of our farmers 
to plant the coffee seedlings too deep into the planting holes. At 
a very short distance from the collar of the stems (the collar is 
regarded as that point in between the stem and the root system) a 
number of roots are found spreading out laterally and vertically 
which have a greater diameter than any other roots in the system. 
These main or primary roots give rise to secondary and tertiary roots, 
each of smaller diameter, and largely on the tertiary roots the root 
hairs are originated. According to the results obtained and the 
observations made in the field, the tertiary roots with root hairs are 
present in great quantities in the top-most 12 inches of soil and they 
originate at any point or distance from the center of the root system. 
The tertiary roots with the root hairs may originate at any part 
of either the main or secondary roots. It must be explained that 
the terminology of main, secondary and tertiary is based on the 
diameter of the roots and not on a systematic branching, in other 
words, tertiaries with root hairs have been observed to occur even 
on the buried stem adjoining the root system. 

Prom the description of the root system just proposed it may be 
concluded that the absorbing area of the root system of coffee is not 
confined to definite places on the soil, but is evenly distributed in 
all places penetrated by the main and secondary roots. 
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AppuoATioiir OP THE EbsxhjTS Obtainbd 

AthoHsli the results obtained thus far need farther eondmiation, 
■with the information gathered, it is possible to make some recom- 
mendations for the improvement of agricultural operations follo'wed 
in the coffee plantations as follows : 

(a) The greatest quantity of roots, 94 percent of the total 

roots ecEcavated for the six trees, is found in the top- 
most 12 inches of soil. 

(b) In the top-most 12 inches of soil, the roots of some of 

the trees extended laterally more than four feet. 

(c) The maximum vertical penetration of the roots of most 

trees is three feet. 

(d) The high content of the oi^anie matter of the ex- 

cavated at the top-most 12 inches and the better aera- 
tion of surface layers are apparently responmble for 
the greater quantities of roots found in the top-most 12 
inches of soil. 

In "view of these facts, the young coffee tree is a surface feeder 
and shade trees or crop plants such as orai^es and bananas should 
never be interplanted -with coffee because of similar root-habits. In 
case, bananas are used to provide shade to the young coffee seedling, 
the banana plants should be eliminated as soon as the permanent 
shade trees provide the coffee with the desired shade. Also, the ex- 
cessive number of shade trees per cuerda, usually noticed in the 
plantations should be eliminated in order to reduce the competition 
for plant food to a TniTiimTiTn - 

Goffee seedlings should always be planted at a minimum distance 
of 8 ft. X 8 ft. This is shown clearly in the first layers of the ex- 
cavation maps (text figures 3 to 8) of most trees. The roots in the 
top-most 12 inches extended laterally 4 ft. or more showit^ that 
young trees in a relativdy small number of years need and indivi- 
dual area of 64 sq. ft. for the development of the roots. "When it 
is supposed that older trees •will develop stronger and more extensive 
root systems it is realized that the minimum plantii^ distance must 
be at 8 X 8 ft. Therefore, a cuerda of coffee should not have more 
than 625 coffee trees in order to pro'vide an adequate land surface 
from which to withdraw an ample supply of plant foods. 

The surface-feeding habit of coffee trees ^eciaUy while young 
requires deep soils for a reasonable amount of growth and produc- 
ti'vity. Many failures to grow coffee on shallow soils have been re- 
corded. 
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As to planting system, the cotfee seedlings should never be buried 
in the planting holes at time of planting. There is a tendency in 
the farmers to plant too deep which results in the tender new roots 
have to penetrate in hard, less fertile layers of soil affecting tre- 
mendously the rate and total amount of growth of the whole tree. 
The seedlings should be planted at the same level as that of the plants 
in the nurserj’', in this way all the good soil characteristics of the 
surface layers give the young seedlings better chances for a strong, 
vigorous development. 

However, the root systems should be gradually induced to pene- 
trate to deeper soil depths so that the roots may resist prolonged 
droughts, and absorb nutrients when the surface layers begin to get 
short of water and plant foods. This may be accomplished by making 
deep holes half way between the rows of trees in which to apply 
vegetable manures and chemical fertilizers. Such holes would in ad- 
dition serve as deposits for fallen leaves and other plant debris. 

In performing general agricultural operations, care should be 
taken to prune and mutilate the least number of roots by using proper 
tools and not operating too close to the tree trunks. This is possible 
by cultivating only in narrow strips half-way between the rows of 
trees. Recently vertical forks have been used successfully by numer- 
ous farmers because of their adaptability to loosen the soil breaking 
the least number of roots. 

The coffee seedlings is susceptible to stagnant water, therefore, iw 
soils with imperfect drainage, drainage ditehs should be provided 
in order to dispose of the excessive moisture. 

The greatest concentration of roots being found at the lop-most 
soil layer, fertilizer applications need not to be applied too deep. It 
is recommended to loosen the soil slightly under the drip of the trees 
and mix the fertilizer applied with the top soil and mulch. But on 
steep soils the fertilizer must be applied on the individual terraces or 
in shallow pits dug-out at the trunks in order to avoid washing of the 
fertilizer during heavy rainfall. 

The better aeration of the surface layer is responsible to a certain 
extent for the greatest concentration of roots at the top-most 12 
inches, therefore the soil of coffee plantations should be loosened to 
improve the aeration and consequently promote all the physical, 
chemical and biologic processes necssaiy for optimum root growth. 
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Summary 

1. The various methods used by Gomez (1) Lee (2) Lee and Bis- 
singer (3), Nutman (4), (5), (6), Trench (7), Venkatraman (8), 
and Weaver and his associated (9), (10) for the study of the root 
system of plants have been described and discussed fully. 

2. A new method developed by the writers has been described 
and used for the study of the root system of coffee, C, arabica L. in 
Puerto Rico. Briefly, this method consists in excavating the volume 
of soil assigned to each tree under study by blocks of one-cubic foot 
each and separating, drying and weighing the roots obtained from 
each block. By keeping an excavation map for the root system of 
the trees, the exact position of roots obtained for each block is ob- 
tained, therefore being possible to determine the quantity of roots 
present at the various soil levels excavated and the lateral spread of 
the roots as well. 

3. Ninety-four percent of the coffee roots of all trees were found 
in the top-most 12 inches of soil. 

4. The liigh percentage of organic matter in Coloso Clay, es- 
pecially in the lop-most layers, and the better aeration at the sur- 
face, apparently accounted to a great extent for the presence of more 
roots in the top-most 12 inches of soil. 

5. The imperfect drainage conditions existing at localities where 
Coloso Clay predominates affect the development of the root systems 
of coffee plants. 

6. Coloso Clay is a productive soil when proper drainage condi- 
tions are provided and the principal plant foods are generally dis- 
tributed uniformly to a depth of 48 inches. 

7. A heavy and vigorous coffee tree top is not dependent on an 
extensive root system. 

8. There is no fixed “(tops to roots) ratio’’ in coffee trees, but 
generally the ratio of tops to roots may be figured to be 8 : 1. 

9. In selecting trees with vigorous, heavy tops and a strong, ex- 
tensive root systems, the diameter of the trunk is a better indication 
of the possession of these characteristics than either the height or the 
lateral spread of the tree. 

10. There was approximately 50 percent of water in the upright 
stems of coffee trees, 23 percent in the lateral branches and leaves, 
39 percent in the whole tree tops and 50 percent in the roots. 
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11. The absorbing area of the root system is not confined to 
definite places on the soil but is distributed thru-out all places pene- 
trated by the main and secondary roots. 

12. The vertical penetration of roots of 7-year-old trees is 3 feet 
and the lateral extension is 4 feet. 

13. The results obtained have been discussed fully in relation to 
possible aplications in the performance of agricultural practices fol- 
lowed by farmers in coffee plantations. 
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THIRD SUPPLEMENT 
TO 

PARTIAL BIBLIOGRAPHY OF VIRUS DISEASES OF PLANTS * 

By JosS I. Oteso, Librarian and MEXmis T. GOoe, Pathologist. 

Abbot, E[mest] V[ictor] 

Conditions influencing germination of seed cane and stands with 
disease resistant varieties. Sugar Bull. 14(20) : 1-6, 1936. 

This paper contains brief references to mosaic bat gives much more 
attention to other diseases. 

Ab^, F. A., St Owen, F. V. 

A genetic factor for enrly-top disease resistance in beets (Beta 
wdgaris L.) and linkage relationships. Amer. Nat. (Abslroet) 
70(726) : 36, 1936. 

Acqua, C. 

Snlla natura degli nltravirus. (On the nature of ultravimses.) 
Rend. Sed. Reale Acad. Naz. Lincei 21 : 593-599, 1935. 

Adams, J[ames] F[owl«r] 

The curly top virus on spinach. Cannii^ Tirade 69(10) : 7-8, 
1936. 

Popular. 

Adams, R. L. 

The California beet blight. Thesis for the M. S. degree. Univ. 
California 1909. 

Afsal, Husain M. 

Symposium on virus diseases of plants. Proc. Indian Sci. Congr. 
20:445-454, 1933. 

Ainsworth, 6. C. 

Spotted wilt of tomatoes. Expt. & Res. Sta. Cheshunt 18th 
Ann. Rpt. 1982:29-45, 1933. 

Virus diseases. Ezpt. & Res. Sta. Cheshunt, 20th. Ann. Rpt. 
1984:60-66, 1985. 

<•) JCBIB. Agrio. Unir. Puerto Bieo 18(1-2) : 1-410, 1084; 19(2): 129-818, 1986; 
S0(8) : 741-818, 1986. 
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Virus diseases. Expt & Res. Sta. Cheshont, 21st. Ann. Rpt. 
1936 : 56-62, 1936. 

Eecord of bushy stout and f eru leaf of tomatoes, fig mosaic, a mosaic 
of water cress, recoyery from spotted wilt and effects of tobacco mosaic 
on seedlings of tomato plants. 


Virus diseases. Expt. & Res. Sta. Cheshunt, 22nd. Ann. Rpt. 
1936:59-62, 1937. 

Becord of Seyeral diseases. 


“Enation mosaic’’ of tomato caused by a virus of tobacco I type. 
Ann. Appl. Biol. 24^3) : 545-556, 1937. 

This disease causes pronounced malformations of the leaves especially 
outgrowths on the under sides. This is caused by a strain of tobacco 
virus I. 

Akenhead. D., Bkrris. B.. Berkeley, 6[arveii] Htnsrh] & Massee, 
A. M. 

The d^eneration of the strawberry. Imp. Bur. Fruit. Prod. 
East IVIaUing. Tech. Comm 5, 28 p , 1934. 

Probably crinkle or yellow edge. 

Aleksandrov, A. G., & Aleksandrova, 0. G. 

(On the mosaic disease of wheat endosperm.) Compt. Bend. 
(DoHady) Acad. Sei. r.S.S.R. 17(9) : 495-498, 1937. 

Allen, J. 

Control of pests and diseases. Gard. Chron 99 : 390, 1936. 
Contams notes on “Big bud” on black corrants. 


Ando B. 

(On dwarf disease of riee plant.) Joum, Japanese Agric. Soc. 
347:1-3, 1910. 

Andrews. F. W. 

The ejffect of leaf eurl disease on the yield of the cotton plant. 
Empire Cotton Grow. Eev. 13(4) : 287-298, 1936. 

The disease is the cause of significant losses. 

Anonymons 

Experiments for the control of dwarf disease of potatoes. Okla- 
homa Agrie. Expt. Sta. Ann. Bpt. 1915:143-144, 1916: 1916: 
183-184, 1917. 


Varietal susceptibility of the potato to the curly dwarf. Okla- 
homa Agric. Expt. Sta. Ann. Ept. 1915:20, 1916: 1916:20, 
1917; 1919:65-66, 1921. 
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Effect of selection of ‘‘seeds” on the 3deld of the potato crop. 
Jonm. Dept. Agric. Ireland 22:378-380. 1923. 

Popular notes on leaf roll diseases. 


Bnnchy-Top. — ^Departamental Action. Queensland Agric. Joum. 
26:297-298, 1926. 


Scotland: Plant diseases and pests. Intern. Rev. Agric. 22(6) : 
94r-95, 1931. 

Contains a note on a virus disease of Aurantium lilies. 


Investigations on the spike-disease of sandal I, IV, Bangalore, 
1931-32. Indian Inst. Sci. Bangalore, 1932. 


Contribution & la eonnaissanee de la maladie del’ enroulement 
des feuilles de la pomme de terre. (Contribution to the knowl- 
edge of the leaf roll disease of the potato.) Prog. Agric. & 
Vitic. (Montpellier) 100:507-509, 1933. 


Insect transmission of spike-disease. Nature 132(3337) ; 592- 
593, 1933. 


Spotted wilt of tomatoes. Expt. & Ees. Stat. Cheshunt, Circ. 
7, 3 p., 1933. 


The “degeneration” of the strawberry. Imp. Bur. Fruit Prod. 
Tech. Comm. 5 : 28, 1934:. 


The “kromnek” disease of tobacco. Rhodesia Agric. Joum. S 
(1) : 9-10, 1934. 


Poor potato stands traced to yellow dwarf. Wisconsin Agric, 
Expt. Sta. Ann. Rpt. 1932-1933 : 84r-85, (Bull. 428), 1934. 


Recent research on Empire products. A record of work con- 
ducted by Qovernment Technical Department overseas. Agri- 
culture. Bull. Imp. Inst. 32(3) : 437-467, 1934. 

Discusses cassava mosaic. * 


Summary report of progress, 1934. Maine Agric. Expt. Sta. 
Bull. 377:323-326, 1934. 

Reports transmission, studies of latemt mosaic, mild leaf rolling, rugose 
mosaic and streak on potatoes. 


Virus disease research. Scott. Soc. Res. Plant Breeding (Edin- 
burg) Import 1933-^:15-17, 1984. 
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False blossom. U.S.D.A. Plant Disease Bept. 19(8) : 121-128, 
1935. 


MosaikkranMieiten in Perl. (Mosaic diseases in Perd.) Zeitsebr. 
Zuckerind. Gechosl. Bpt. 60 : 204r-205, 1935. 


Mosaksyge bos agnrke. Gartn. Tid. 51(33) : 417-419, 1935. 


Virus apparently made visible at last The Literary Digest 
July 13, p. 18. 1935. 

Apparently popular. 


Die Abbaukrankbeiten der EartoffeL Wiener Landw. Zeitg. 86 : 
135, 1936. 


Big bud currant reversion and the B.B 0. Gard. Chron. 99 
(2577) : 305, 1936. 


Burgonya sdrgafeltoss&ga. MezogazdasEg 13 : 189, 1936. 


The Columbian purple raspberry carries the virus causing mosaic 
in red and black raspberries. Farm. Ees. New Tork State 
Stat 2. No. 4. 12 p.. 1936. 


Filtrierbares Virus als Eranhmtserreger bei Menseh, Tier tmd 
Pflanze. Emahrg. d. Pflanze 32:420422, 1936. 


High temperature favors yellow dwarf. Wisconsin Agric. Es^t. 
Sta. Ann. Bpt 1934r-1935 : 103-105, 1936. 


Learn manner in which tobacco mosaic overwinters in the soiL 
Wisconsin Agric. Ezpt Sta. Ann. Bpt. 1934-1935 : 133, 1936. 


Occurrence of English mosaic on red raspberry in Oregon. 
U.S.DA. Plant Disease Bept. 20(7) : 123-125, 1936. 


Phony peach disease under control. U.S.D.A. Plant Disease 
Bept 20(8) : 138, 1936. 


Peach virus diseases in Michigan in 1935. U.S.D.A. Plant Dis- 
ease Bept 20(9) : 145-146, 1936. 


Phony peach disease found in Indiana and Pennsylvania. 
U.S.D.A. Plant Disease Bept. 20 : 296, 1936. 


Potato Leaf-roll. Min. Agric. & Fisheries, London Adv. lieaflet 
278, 4 p , 1936. 
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La rosette de I’araehide. (Peanut rosette) Sta. Expt. fle 
L’arachide Bombey. Bull, des Matieres Grasses Inst. Col. 
Marseille 20(8) : 201-205, 1936. 


Virus diseases of peach. Miehigran Agric. Bxpt. Sta. Bienii 
Rpt. 1934-1936:21, 1936. 


Virus diseases Gard. Chron. 99:209, 353, 300, 1936. 


Virus diseases of sugar cane. Int. Sugar Journ. 88(453) :380" 
332, 1936. 


Streak disease in South Africa. Mr. ‘Wuthrich’s observations 
from India. South Africa Sugar Joum. 20(8) : 503-505, 
1936. 

Notes from a letter from Mr. E. G. Wuthrich. 


New sugar-beet varieties for the curly-top area. U.S.D.A. Circ. 

391, 4 p., 1936. 

Origen y desenvolvimiento del mosaico de la cana de azdcar. 

(Origen and development of sugar cane mosaic.) Rev. Agric. 

Paerto Rico 28(4) : 749-763, 1937. 

Review of conference by C. E. Ghardon at the Soeiedad de Agricol- 
tores de Ck>lombia on January 22, 1937. Br. Chardon made a review 
of the stndy of sugar cane mosaic with special reference to the work 
done in Puerto Rico. 


Potato virus disease control. Agric. Gaz. New South Wales 48 
(10) : 573-677, 1937. 


Plant diseases recorded in New South Wales. Dept. Agric. 
New South Wales, Suppl. No. 7, 1937. 

Records virus diseases on 27 hosts, some of them new. 


Report Proc. Second Int. Congr. Microbiol. Contr. 1936 : 71-91, 
1937. 

Viruses and vims diseases in animals and plants. Discussion on the 
general characteristics of viruses, including bacteriophage. R. P. VThit^ 
J. Henderson Smith, W. M. Stanley, K, M. Smith, P. C. Bawden, R. 
N. Salaman, H. H. Storey, and T. Matsumoto discussed on plant viruses. 


Recovery from virus diseases causes immunity in tobacco. Joum. 
Term. Acad. Sci. 12(2): 178, 1937. 

Dr. James Johnson has announced that tobacco plants recovering from 
tobacco streak acquire a considerable degree of immunity from further 
infections. 
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Zidkten en Beschadigingen van het aardappeloof. Yirnsziel^eiir 
Yerslagen ©a Meded. van den Plantenzidben-kondigen Dienst 
te Wageningen. 6, 31 p., 1937. 

Goniains a brief diseuasion of leaf-roll (phloenmeerosis, leptonecrosis) 
mosaic, crinlde in aueaba and stipplestreak. 

Anson, B. B. 

Leaf enrl disease of eolton in the Fiji islands. Second Conf. 
Cotton Growing Problems, London, Ept. 1934.195-196, 1934 

A record. 

Antal, GnlyAs 

A magyar dohanyok virusbetegs4gei. (Yims disease on Hun- 
garian tobacco.) Kiilonleyomat a Kiser Koz. 39(1-3) : 1-35, 
1936. 

The author states that the object of the paper is to study the biology 
of vims diseases of tobacco. He gives the behavior and symptoms of 
several tobacco virus diseases and their relative damage to the crop. 
Concludes by giving advise as to tobacco fertilization. 

A burgonya Tirasbeteg4gei. (The virus diseases of the potato.) 
Kiilonlenyomat a 31. Kir. Gazdssagi Akad4nna I. Kotet B 
fiizetebol 63 p., 1938. 

A study of the virus diseases of the potato that occur in Hungary. 

Amaud, G[abriel,] & Amaud, M. 

Les maladies a virus des Bosac4es amygdal4es. (The virus dis- 
eases of Amygdalaceous Rosaceae.) Compt. Bend. Acad. Sei. 
(Paris) 202(10) : 869-871, 1936. 

A study of Yirus diseases of Primus persicae, P. syvnosa and P. amum, 

Les maladies a virus des plantes. (Vims diseases of plants.) 
Prog. Agric. & Vitic. 106(50) : 56a-567, 1936; 107(2) : 35-38, 
(4): 86-90, (5): 110-113, (6) : 138-141, 1937. 

The author discusses in s^popular form virus diseases of plants in 
general and some virus diseases in particular. 

Artem’ev, G. V. 

Virusnye Zabolevaniia rasteniia vo vlazhbykh subtropikakh. 
(Virus diseases of plants in humid subtropics.) Sovetsk. 
Subfrop. (Moskva) 1936(12) : 10-19, 1936. 

Artschwa^er, Ernst, & Starrett, Buth 0[olvin] 

Histological and eytological changes in sugar-beet seedlings ef- 
fected vrith curly top. Joum. Agric. Res. 63(9) : 637-657, 
1936, 

A very complete study of the histology and cytology of the diseased 
plants. 
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Arthur, J[os^h] G[harles], Sb Golden, E. E. 

Diseases of sugar beet root. Indiana Agrie. Ezpt. Sta. Bull. 
39:54-62, 1892. 

The disease referred to ii^ this paper and supposed to be due to bac- 
teria 'was probably a ■virus disease, reeeutly described by Coons et al as 
“Savoy”. 

Attanasoff, D(iinitr) 

(Diseases of cultivated plants.) Imprimerie de la Cour, Sofia, 
TTniversity Library No. 137 : 62-181, 1934. 

Includes tobacco mosaic said ring spot, potato vims diseases, plum, 
poach, cherry and apricot mosaic, grape vine mosaic, apple bitter pit, 
peanut mosaic and curl. 

Mosaic of stone fruits. Pliytopath. Zeitsebr. 8(3) : 259-284, 1935. 

descriptions of mosaic on apricot, cherry, peach and plum. Infection 
experiments gave positive results. The disease is spread by Anuraphis 
padL 

Infectious cMorosis of citrus or xnal seeo. Bapp. Nat. See. V., 
Theme 9, (No. 4) Congr. Intern. Hort. II, Borne, 4 p., 1935. 

Believes that DeuteropJuma traeheiphila follows virus infections and 
that “mal seco” is the same as “Trabnt’s infectious chlorosis.” 

Mosaic diseases of pome and stone fruits. Bapp. Nat. Sec. V. 
Theme 9, (No. 5) Congr. Intern. Hort. II, !l^me, 6 p., 1935. 

Virus diseases of plants: A bibliography. I Supplement. 
Phj’topath. Zeitschr. 10(4) : 339-463, 1937. 

Azevedo, Eearch 

Observaeoes sobrc luna doeuca virus en tomateiro. (Observa- 
tions on a virus disease of the tomato.) Bodriguesia 2(6) ; 
209-212, 1936. 

A description of a disease resembling the American ring spot but 
different from the spotted mlt. 

Bsdnes, B[idiard] C[ecil] 

The status of peach virus diseases in Indiana. Hoosier Hort. 
18(12) : 180-182, 1936. 

Popular. 

Bald, J[ames] G[rieves] 

An P-type potato virus in Australia. Nature 138(3525) : 674, 
1934 

This strain has been reported from Australia. It attacks pepper and 
Solamm ntprum. 
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The use of numbers of infections for comparing the concentra-* 
tion of plant virus suspensions I. Dilution experiments with 
purified suspensions. Ann, Appl. Biol. 24(1) : 33-55, 1937. 

The author states that many Tirus properties can be measured only 
indirectly in terms of the lelative concentration of the virus particles 
in a suspension and there are two types of reactions which are generally 
called vixological. He describes the one based on ^Hhe production of 
symptoms in a susceptible host plant inoculated with a sample of virus’’. 
The other based on '‘the liberation of specific antibodies into the sera 
of experimental animals infected with the virus*’ have been desciibed 
in previous papers. 

The use of numbers of infections for comparing the concentra- 
tion of plant virus suspensions. II. Distortion of plant virus 
dilution series. Ann. Appl. Biol. 24(1): 56-76, 1937. 

A continuance of previous studies, with special reference to distortions 
in the dilution experiments. The author discusses two types: (a) un- 
purified viruses of tobacco mosaic group and (6) potato virus X, 
viruses of tobacco ring spot, tobacco necrosis, cucumber mosaic 
tomato spotted wilt which are less resistant to loss of virulence. 

The use of numbers of infections for comparing the concentra- 
tions of plant virus suspensions. III. The effect of carbon 
on the production of lesions by viruses of the tobacco mosaic 
group. Ann. Appl, Biol. 24(1): 77-86, 1937. 

A comparative study of the spreading power of distilled water sus- 
pensions of plant juic^ suspensions of findy divided carbon (lamp 
black) and a commercial spreadmr. The best results were obtained with 
the carbon. The experiments were conducted with Nicotiam glutinosa. 

Vims molecules. Journ. Austral. Inst. Agric. Sei. 3(2) : 93-96. 
1937. 

The author refers to the confusion resulting from the invasion of 
virus borders by workers in other fields; reviews the work of Stanley, 
Beale and others and says: 

*^Here we have the same two opinions about viruses, as have been 
hdd about bacteria, that they are a bridge between lower and higher 
forms of organization, and that they are derived by a gradation of 
higher forms. The matter is not likely to be settled soon, not perhaps 
until a free-swimming pdagie form of virus is found in equatorial 

waters; even then perhaps diebards of either opinion will stiU be 
found.” 


Investigations on “spotted wUt” of tomatoes, m. Infection in 
82 p ^9^ Council Sei. & Ind. Ees. Australia 106, 
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The author discusses (1) the duetuations in the severity of infections, 
(2) the influence of the weather on infection and (3) the distribution 
of infected plants in fidd plots. 

The disease is transmitted almost entirely by Thnps tahaoi and 
FraTiUimella msuUms. The devdopment and dispersal of the insect 
vectors is dependent largerly on weather conditions, especially tempera^ 
ture. 


, & Briggs, G. E. 

A^regation of virus partides. Nature 140:111, 1937. 

The authors refer to the description by Bawden and others of the shape 
of the particles of tobacco mosaic virus which has been confirmed by 
a photograph recently published by Best. They also say that ^‘Purther 
evidence that virus particles, even in dilute solutions, may form chain 
aggregates is obtained from experiments on the relation between dilution 
of virus and number of infections caused.’’ This is followed by a 
brief report of studies with purified preparations. 

Ballard, W. S., & Lindner, B. C. 

Studies of the little-leaf disease in California. Proe. Amer. Soe. 
Hort. Sei. (1934) 32:1-10, 1935. 

Bamer, J[ohannes] 

Tntrazellulare Stabe bei Viruskranken Tabak-und Kartoffelpflan- 
zeu. (Intracellular bodies in virus diseases of tobacco and 
potato plants.) Nachrichlanbl. Deut. Pflanzenschtzl. 17(4) r 
33-34, 1937. 

Intrazellulare Stabe bei Viruskranken Solanaeeen und Cueurbi- 
taceen. (Intracellular bodies in virus diseased solanaceoos 
and cueui'bitaceous plants.) Angew. Bot. 19(6) : 553-561, 
1937. 

Barton-Wright, E[ustace] 

Becent advances in Botany, 1932. 

This is a text book. The last chapter is devoted to virus diseases. 

, St McBain, Alan 

A comparison of the nitrogen metabolism of normal with tiiat 
of leaf-roll potatoes. Trans. B. Soc. Bdin. 57 : 309-349, 1933. 

Possible chemical nature of tobacco mosaic. Nature 133(3355) : 
260, 1934. 

, et al. 

Virus disease research. Scott. Soc. Bes. Plant Breeding, Bpt. 
Ann. Gten. Meetg. p. 13-17, 1935. 

Basset, J., Gratia A(ndre), Machebocnf, M., & Manil. P. 

Action of hi^ pressures on plant viruses. Proc. Soc. Ezpt. 
Biol. & Med. 38(2) ; 248, 1938. 

Tobacco mosaic virus was inactivated at 8,000 atmospheric pressure 
for 45 minutes. 
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Bawden, F. 0. 

The virus causing top necrosis (Acronecrosis) of the potato. 
Ann. Appl. Biol. 23(3) : 487-497, 1936. 

The disease can be produced by several Thuses. The sutiior has 
studied the reaction of several hosts to these viruses. 

Pirie, N. W., & Spooner, P. 0. 

The production of antisera with suspensions of potato virus X 
inactivated by nitrous acid. Biit. Joum. Expt. Path. 17(3) ; 
204-207, 1936. 

The authors summarize their results as follows: Antisera indis-* 

tinguishable from those prepared by injectino^ suspensions of active 
virus can be prepared in rabbits by intravenous injection of suspensions 
of virus X inactivated by nitrous acid. Both fix complement and floc- 
culate with virus suspensions, but not with the sap of healthy tobacco 
plants and both are equally effective in neutralizing the virus m vitro, 

, Bemal, J. D., & Fankucheu, I. 

Liqiiid erystalline substances from virus infected plants. Nature 
138(3503) :105H052, 1936. 

The authors follow the work of Stanley and say: have con* 

Armed these results, but have found that by further purification the 
protein in neutral aquous solution, can be obtained in liqxiid crystalline 
states. ' ’ 

After giving the results of their studies, they said, — These results 
have a certain intrinsic interest, but this would naturally be greatly en- 
hanced could it be shown that these rods are in fact virus particles. This 
conclusion seems to us both reasonable and probable, but we feel it is 
still not proved, nor is there any evidence that the particles we have 
observed exist as such in infected sap.” 

Liquid erystalline preparations of cucumber viruses, 3 and 4. 
Nature 139(3517) : 546-547, 1937. 

The authors report that they were unable to transmit three strains 
of tobacco mosaic (previously reported by them) to cucumber plants 
and that cucumber plants are immune to tobacco mosaic virus. They 
described their most effective method of isolation and give other data. 


& 

The relatioi^hip between liquid crystalline preparations of cu- 
cumber viruses 3 and 4 and strains of tobacco mosaic virus. 
Brit. Joum. Exp. Path. 18(4) : 275-291, 1937. 

The authors made comparative studies of strains 3 and 4 of cucumber 
mosaic virus with tobacco mosaic virus, aucuba mosaic virus and enation 
mosaic virus- They say that, — 

” Although these viruses have a distinct host range from tobacco 
mosaic virus, tlie purified preparations have similar chATniftn.1 composi- 
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tioxis and soany properties in eonunon with pnrlded preparations of 
strains of tobacco mosaic virus; they differ from tobacco mosaic virus 
however^ more widely than the recognized strains of tobacco mosaic 
virus from each other. The cucumber viruses and the tobacco mosaic 
viruses have common antigens.'^ 


, & 

The isolation and some properties of liquid crystalline substances 
from solanaceous plants infected with three strains of tobacco 
mosaic virus. Proc. Roy. Soc. London Ser. B. No. 832 p. 
274-320, 1937. 

The author studied viruses of tobacco mosaic, aucuba mosaic and 
enation mosaic. They isolated nueleoproteins with characteristic optical 
properties from all three strains but not from healthy tobacco. They 
describe the properties of these nueleoproteins. 

, & 

A plant virus preparation in a fully crystalline state. Nature 
141:513-514, 1938. 

Specific proteins believed to be virus have been isolated and found 
to lack three dimensional regularily characteristics of true crystals. 


& 

Liquid crystalline preparations of potato virus X. Brit. Joum. 
Exp. Path. 19(1): 66-82, 1938. 

The authors describe methods for the isolation of nudeoprotein from 
Nicotiofna Tabacwm, N, glutinosa and Lycopersiewm esotHentwm, The 
virus is less filterable after purification than in the untreated sap. These 
are two types of inactivation, — ^*one leads to a loss of infectivity with- 
out changing the optical properties or serological reactions, where as the 
other denatures the protein and destroys ah three.” 


Discussion on recent work on heavy proteins in vims infection 
and its bearing on the nature of viruses. Proc. Roy. Soc. 
Med. 31:199-210, 1938. 

A discussion of protein crystals. 

Bayma, A. Da Cnnha 

(Mosaic disease of sugar-cane in the State of Ceari, Brazil.) 
0 Compo (Bio de Janeiro) 4(7) : 74-78, 1938. 

Beale, Helen Purdy (see Purdy Beale, Helen Alice) 

Bedihold, H. 

Enzyme oder Lebewesen ? (Ferment or living entity ? ) . KoHoid 
Zeitsch. 66(3): 329-340, 67(1): 66-79, 1934. 

The author concludes that viruses are not enzymes. 
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, & Erbe, F. 

VersTiche anir aufMarung des Meehanismiis der “Kupferprobe" 
2 ur feststeUimg des KartofEelabbaTis. (Attempts at the ex- 
planation of the mechanism of the copper test for the deter- 
mination of potato degeneration.) Phsdopath. Zeitschr. 9(3) ; 
259-296, 1936. 

There was no appreciable difference between diseased and healthy 
potatoes. 

Bechwitii, C[harles] S[teward] 

False blossom. Amer. Cranbery Growers’ Assoc., Proc. Ann. 
Meetg. 6(1935): 25-26, 1936. 

Popular appeal for control. 

Bdl, A[rthTir] F[rank] 

Fiji disease. Era^eation of diseased stools in yonng si^ar cane. 
Cane Grow. Quart. Bull. Queensland 4(2) : 39, 1936. 

Report of the Division of Entomology and Pathology. Rpt. Bur. 
Sugar Exp. Sta. Ind. 1936:19-27, 1936. 

Clives data on Fiji disease and ehlorotie streak (fonrth disease.) 

Save P.O.J. 2878. Queenland Agrie. Journ. 48(6) : 714-718, 
1937. 

This variety is threatened by the Fiji disease. 

Fiji disease of sugar cane. Proc. Queensland Soc. Sugar Cane 
Tech. 9:211-218, 1938. 

BeOkhr, 6. 

Chlorosis of peaches and roses. Rev. Hort & Agric. Afrique 
Nord 38:261-264, 1934. 

Benes, G.. 

Court-nou6 et chlorose. (Court-noue and chlorosis.) Prog. Agr. 
& Titc. 102(29) : 81-84, 1934. 

Bcmlloek, M., & Domingues, F. 

La enfermedad de los pimentales en Aldeanueva del Camino. 
(Virus disease of chillies). Bol. Pat. Veg. & Ent. Agric. 7 
(7) : 27-30, 1934. 

Description of this disease of occurrence in Spain, known as ^'niebla 
nueva^' and ‘^niebla vieja'^, early and late blight, probably due to a 
■virus.. 

Barnett C[arlyle] W[ilson], & Esau, Katharine 

Further studies on the relation of the curly top virus to plant 
tissues. Joum. Agric. Res. 53(8) : 595-620, 1936. 

^ ^Anatomical evidence indicates that the curly top vims invades the 
phloem of the entire vascular system of beet and tobaroo. In susceptible 
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varieties of beet the disease is characterized by necrosis of the phloem 
and hyperthrophy of the phloem and pericyde. Liquid content of the 
phloem moves throngh the intercellnlar spaces of the eztraphloem tisane 
and accnmnlates on the surface of petioles and leaves.'’ 

There is less exudation in resistant beets and no abnormalities. The 
authors also made a study of this disease on tobacco plants. Also a 
study of the virus in the seeds. 


Correlation between movement of the cniiy top viinis and translo- 
cation of food in tobacco and sugar beet. Journ. Agrie. Ees, 
64(7) : 479-502, 1937. 

This paper gives the results of studies of the movements of curly top 
virus in the beet, NicoUana tabaoum and N. glcmca. The rate of 
movement was extremely variable and the author condudes that ^^The 
way in which the curly top virus invades the plant indicates that virus 
movement bears little or no relation to virus multiplication or to virus 
concentration gredients, but is dependent on physiological processes that 
take place in the normal plant. 

I 

& Wallace, H. E. 

Relation of the curly top virus to the vector, Eutettix ienellus, 
Journ. Agric. Rrcs. 56(1) : 31-51, 1938. 

A virulif erous insect can pick up the virus in one minute and transmit 
to a healthy plant in one minute. A non-viruliferous insects may pick 
up enough virus to transmit by feeding on diseased plants for two days. 
Pasting reduces the power to transmit. Virus was found in the blood, 
salivaiy glands, feces and alimentary tract of the insects. Ability to 
cause infections decreased over a period of 8 to 10 weeks. Some insects 
with low charge of virus lost power to transmit in 54 days. Several 
other species of insects picked up the virus but lost it in a short time. 

Berkeley, ^[arven] H[iigh] 

The “degeneration” of strawberry. III. The phenomenon of 
root rots in connection with strawberry degeneration. Imp. Br. 
Fruit Prod. Tech. Oomm. 6 : 16-19, 1934. (East Mailing Res. 
Sta. 22nd. Ann. Rpt. 1934:65, 1935.) 


Suspected mosaic disease of strawberry. Canada Prepress Bpt. 
Dorn. Bot. 1931-34:58, 1935. 


A strain of the virus which causes streak in tomato. Canadian 
Jonm. Res. G 14:419-424, 1936. 

The author gives the resets of esperimeats with these strains of the 
viros causing tomato streak — (a) tomato streak vims K, (i) tomato 
streak vims I (Ontario strain) and (o) tobacco vims I. The last can 
be used for immonizing against the other two. The first and second are 
bdieved to be strains of the last. 
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Mosaic and ring spot, two dalxlia diseases. Canada Hort. Floral 
Ed. 60(2) : 25-26, 1937. 

Popular. 

Prevention of virus diseases of greenhouse-grown tomatoes. 
Canada Dept. Agric. Circ. 118, 7 p., 1937. 

A study of losses due to several virus disease in greenliouses and recom- 
mendations for their control. 

Prevention of tobacco mosaic in Ontario. Canada Dept. Agric. 
Circ. 119, 7 p., 1937. 

Dahlia mosaic and its control. Canada Hort. 61(5) : 146-147, 
1938. 

Popular. 

Berkner, F. W., & Hecker, G. 

Die Nachwirkung von versehiedenen Kalidungeru und Pflanzeiten 
des vorjahves auf den Pflanzgutwert von Kartoflfeln. (The 
after-effect of various potash manures and planting times in 
the previous year on the value of potatoes for seed.) Landw. 
jb. 82(1): 125-139, 1935. 

The best results with respect to degeneration were on potatoes with- 
out potash. 

Bin weiterer Beitrag zur Prage des Abbauproblems der Kartofifel. 
(A further contribution to the degeneration problem in pota- 
toes.) Pflanzenbbau 12(7) : 243-274, 1936. 

A review of the literature and summarization of rec^ent studies. 

Zur Prage des Kartoffel-Abbaus. 1st es moglich, die neigung 
zum Kartoffel-Abbau-limduszuschieben ? (On the question of 
potato degeneration. Is it possible to postpone the tendency 
to potato degeneration?) Dutsch. Landw. Pr. 63(4): 167, 
1936. 

The symptoms are more severe on the eaily crops. 

Bernal, J. D., & Fankuchen^ I., 

Structure types of protein ^‘crystals” from virus-infected plants. 
Nature (London) 139(3256) ; 923-924, 1937. 

A study of the dimensions of the molecules. 

Best, Rupert J. 

The effect of environment on the production of primary lesions 
by plant viruses. Joum. Australian Inst. Agric. Sci. 1(4) : 
159-161, 1935. 
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A study of the effect of light on the virus of tomato spotted wilt and 
tobacco mosaic. Spotted wilt in tobacco is inhibited by bright sunlight 
and controlled by artificial light. Tobacco mosaic virus in Nicotiana 
g^utinosa developed more lesions in the glass house than in the labor- 
atorj\ More lesions are observed at 20 ®C than at 15 °C. 

, & Samud, Geoffrey 

The reaction of (he viruses of tomato spotted mlt and tobacco 
mosaic to the pH value of media containing them. Ann. Appl. 
Biol. 23(3) : 509-537, 1936. 

The pH value must be taken into consideration or the results will 
be erroneous because certain pH values cause inactivation while others 
do not. A study of the pH relationi^ps may aid in classification. Two 
viruses in a mixture may be separated by the use of the pH values. 
The determination of the host range or the occurrence of the virus in 
various parts of a plant by reinoculation is not suflcient. The negative 
results may be due to inactivation of the virus by acids or other 
substances. The pH must be taken into consideration. The activity pH 
cun’es resemble enzyme curves more than living organism curves. A 
viiTis may be inactivated at certain pH values as rapidly as formed. 


& 

The effect of various chemical treatments on the activiti" of the 
vinijses of tomato spotted wilt and tobacco mosaic. Ann. 
Appl. Biol. 28(4): 759-780, 1936. 

The authors give a brief review of the subject, describe their experi- 
ments in full. In the summary they say: ‘‘It is concluded that 
secondary oxidation products caused the inactivation observed.^' “At- 
tempts to reactivate virus which had been inactivated by exposure to air 
or by means of Hg CI 3 were unsucessf ul. ^ * It has been ^own that the 
inactivating effects observed are due to an action on the virus itself. 


Precipitation of the tobacco virus complex at its isoelectric point. 
Australian Journ. Expt. Biol. Med. Sci. 14(1) :1-13, 1936. 

A study of the precipitation of ordinary tobacco mosaic (tobacco 
virus I) with buffer solutions at varying hydrogen-ion concentrations. 


Studies on a fluorescent substance present in plants. I. Produc- 
tion of the substance as a result of virus infection and some 
applications of the phenomenon. Ausrtralian Jou!m. B!xpt- 
Biol. & Med. Sci. 14(3) : 199-213, 1936. 

This fluorescence was observed when the plants were examined with 
ultraviolet light but was found to be present in other types of injuries. 


The effect of light and temperature on the development of pri- 
mary lesions of the viruses of tomato, spotted wilt and tobacco 
mosaic. Australian Journ. Expt. Biol. & Med. Sci. 14(3) : 
223-239, 1936. 



278 THE JOURNAL OP AGRIOULTtJRE OP THE UNIVERSITY OP P. R. 

A study of the environmeatal effects of the viruses of the toxuato and 
tobacco mosaic ou Nicotiam tdbaovm and N. glutmosa. 

Neither sunlight nor artificial light appeared to affect tobacco mosaic 
virus lesions qaantitativdy. 

Sunlight was found to exert and inhibiting action on the appearance 
to tomato spotted wilt lesions on N. tctbc^wn* A similar but much 
feebler effect was observed with artificial light. 

Prevention of virus disease of greenhouse-grown tomatoes. 
Canada Dept. Agrie. Cire. 118, 7 p., 1937. 

The relationship between the activity of tobacco mosaic virus- 
suspensions and hydrion concentration over the pH range 5—10. 
Australian Journ. Expt. Biol. & Med. Sci. 14(4) : 323-328, 
1936. 

The virus was inactivated at about pH. 7.8 and the fraction inactivated 
became larger with increasing pH values up to pH 10.2. ”It is con- 
cluded that inactivation of the virus is associated with the naturalization 
of aeidie groups.’’ 

Investigations on plant vims diseases. Waite, Agrie. Res. Inst. 
Univ, Adelaide Rpt 1933-36:1-7, 1936. 

A leview of the author’s work on spotted wilt of tomato. 

Visible mesomorphic fibres of tobacco mosaic vims in juice from 
diseased plants. Nature 139(3519) : 628-629, 1937. 

The author refers to a short paper in Nature by Bawden, Pirie, Bernal 
and Pankuchen on ‘'Liquid crystalline substances from virus-infected 
planis,” He states that he has arrived at similar conclusions and 
describes long mesomorphic fibers which he obtained. When agitated 
the fibres break into short rods. He concludes by saying — ^“The cir- 
cumstance that under certain conditions the fibres have the appearance 
of sliort needles or rods raises the question as to whether the needles 
obtained by crystallization from ammonium sulphate solution, as first 
worked out by Stanley, may not in fact be short mesomorphic rods 
rather than true crystals."’ 

Artificially prepared visible pai^acrystalline fibers of tobacco mo- 
saic vims nudeoprotein. Nature 140 : 547, 1937. 

The author refers to a previous article containing photographs of 
mesomorphic or paraciystalline fibers obtained from tobacco mosaic 
virus. He now reports obtaining similar crystals by using a suitable 
pH (5 being most satisfactory) and by precipitation with 15 per cent 
ammonium sulphate at pH 7. 


InTestigatioiis on plant virns diseases. Waite Agr. Res. Inst. 
Univ. Adelaide. Rpt. 1933-^6:84-90, 1937. 
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This paper is a discussion of tomato spotted wilt and tobacco mosaic. 
The author summarizes his work as foDows» — 

‘-Viewing the plant viruses as a class and taking into account the 
property possessed by them in common with other viruses, of being 
able to multiply in living cells, and their wide range in size, the most 
logical pictui'e of them appears to be of that class of complex organic 
struetuies built on a protein base with a large number and variety of 
active prosthetic groups, these latter entering into the biochemical 
reactions through which the viruses become evident and which are at 
s'lme tpi.e concerned with processe- which we have come to associate 
with liic and livmg. This ii^cture is essentially similar to that of 
Alcock's --living molecules" and in the present state of our knowl- 
edge seems to fit the facts best and to form a logical conception of 
this group of entities.’’ 

The quantitative eslimation of relative concent rations of the 
virns of ordinary and yellow tobacco mosaics and tomato 
spotted wilt by the primai*y lesion method. Australian Journ. 
Exp. Biol. & Med. Sci. 15(2): 65-79, 1937. 

‘-It is concluded that, on account of the number of factors involved, 
we could scarcely expect a single equation to represent the relationship 
between lesion number and virus concentration over the whole range. 
However, in practice under controlled conditions both with respect to 
inocula and test plants, that portion of the curves over which direct 
proportionality between lesion number and virus concentration holds, 
provides a useful worMng range in which to estimate relative concen- 
trations with a reasonable degree of accuracy.” 


On the presence of an ‘‘oxidase” in the juice expressed from 
tomato plants infected with the virus of tomato spotted wilt. 
Australian Jouiti. Bxpt. Biol. & Med. Sci. 15:191-199, 1937. 

The author summarizes his work in part as follows, — 

‘‘It has been shown that the juice expressed from the leaves of 
tomato plants infected with the virus of tomato spotted wilt contains 
an ‘oxidase’ enzyme tentatively identified as tyrosinase) which catalyses 
the oxidation of phenol, catechol, guinol and tyrosine in the presence 
of air. The reaction does not proceed to a demonstrable extent in 
suspensions of juice expressed from comparable parts of healthy plants 
but it does in suspensions of root juice.” 

The chemistry of some plant viruses. Australian Chem. Inst. 
Journ. & Proc. 4(10) : 375-392, 1937. 

The author discusses the viruses of spotted wilt of tomato and tobacco 
mosaic with special reference to the chemical properties. In his sum- 
mary he says, — 

“To sum up, it appears that there is no sharp break between living 
and non-living matter, and that viruses may be regarded as complex 
eh'^mical structures, built on a protein base with a large number and 
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variety of prosthetic groups, through which they enter into those reac- 
tions by which they become evident and by which they multiply — 
reactions which we have come to associate with life and living. If we 
accept this view, then viruses may be regarded as living molecules of 
graded complexity of structure and organization covering the transition 
between the architecture of the larger non-living chemical molecules and 
the architecture of the simplest living cell.” 

Bexirnier., 

La rosettee de T arachide. (Peanut rosette.) Bull. Mat. Grass. 
Inst. Colon. Merseille 20(8) : 201-205, 1936. 

Popular. 

Bewley, W[illiain3 F[leining], & Corbett, W[flfred] 

Mosaic disease inTestigalion. Ann. Ept. Expt. & Ees. Sta. Nurs. 
& Mark. Gard. laidustr. Deve. Soe. Cheshnnt 15 : 51-52, 1930. 

A paper on the control of cucumber and tomato mosaic by the use 
of clean seed. 


Spotted Tvilt of tomatoes. Cheshnnt Expt. Sta. Cheshunt, Hert. 
Circ. 1, 3 p., 1933. 

Popular. 

Some factors which affect the quality of tomatoes. Fruit Grow. 
Plor. & Mark. Gard. 83(2) : 748-750, 1937.. 

A popular paper. The iirst part is a discussion of virus diseases. 

Bitancourt, A[gegislan] A. 

As doeiicas de virus dos citrus (Virus diseases of Citrus.) 
Biologico If 8) : 255-262, 1935. 

The author states that studies based on the relevant literature and 
his own observations show evidence enough to consider citrus psorosis, 
leprosis, ring blotch and zonate chlorosis as produced by viruses. 

Black, L. M. 

Some insect and host relationship of potato yellow dwarf virus. 
Ph^^opatholog^i’ 26(1): 87, 1936. 


A study of potato yellow dwarf in New York. Cornell Agric. 
Expt. Sta. Memoir 209, 23, p. 1937. 

A very thorough study of tliis disease, including symptoms, insect, 
ti ansmission, hosts, and overwint.»ring. 

Mechanical transmission and properties of the potato yellow 
dwarf virus. Phytopaihology (Abstract) 28(1): 3, 1938. 

Blaringhem, L[ous Florimond] 

Nouveau cas de mosaique presente par un hybride de giroflSes 
\CkeiraHlhiis cJicvn et Erysimum cheirantokles,) A new case 
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of mosaic on a hybrid of wall flower (Gheiranthiis chevri and 
Erysimum oheirantoidesJ) Comp. Rend. Acad. Sci. 203(2} : 
1039-1042, 1936. 

Blood, H[erbert] L[oren] 

Curly top (Western yellow blight) of tomatoes in Utah. 
U.S.D.A. Plant Disease Rpt. 18(11) : 131-133, 1934. 

The tomato curly top situation in Utah. IT.S.D.A. Plant Disease 
Kept. 19(11) : 191-192, 1935. 

The Utah tomato disease situation in 1935. TTr.S.D.A. Plant 
Disease Eept. 20(6) ; 96-102, 1935. 

Contains important data on curly top of sugar beet. Also a note 
on mosaic and stieak of tomato. 

Cmly top of tomato in Utah. U.S.D.A. Plant Disease Rpt. 
22(14): 226, 1936. 

A record of this disease in Utah for the third consecutive year. 


Bliimke., 

Wie lasst sich der Kartoffelahbaii bekampfeu ? (How can potato 
degeneration be combated? Alitt. Landw., Berlin. 62(49): 
1048-1050, 1937. 

The authoi urges a thorough roguing during the month of May. The 
most important vector is Lyg^s pahulinns, 

Bodine, E[dward] W. 

Oci'UiTeiioe of peach mosaic in Western Colorado. Journ. Colo- 
rado-Wyoming Acad. tSci. 2U):49, 1935. 

The disease waa found in Colorado May 19, 1934. Only previous 
re<*ords are from Texas. 

& Durrell, L. W., 

The llaynard plum — a carrier of the peach mosaic. Science 
86(2221): 81, 1937. 

Budding and root-grafting tests indicate that plums may be carriers 
of til is disease. 

The Maynard plum — A carrier of the peach mosaic. Phyto- 

' pathology (Abstract) 27(9): 954, 1937. 

Abstract of paper read before the 21st Annual meeting of the Pacific 
Division of the American Phytopathologieal Society. The plum was 
suspected of being a carrier. It was proved to be a carrier by grafting 
buds from plum to healthy peach trees. 

Bonazzt A[ugusto] 

Study on sugar cane mosaic. Science. 64(1665) : 529-530, 1926. 
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Boni^, Earl 

t^ber den Biufluse der Anionon der Diingesalze auf Abbau and 
Abbaukranldieiten der KartofEel. (On the influence of the 
amon of the fertilizer salts on degeneration and degeneration 
disease of the potato.) AngeV. Botanik 17(2) : 323-335, 1935. 

Boning-Senbert, E.. 

Die Mosaikkrankheit der Gurken. (Mosaic disease of cucumber.) 
Prakt, Blatt. Pflanzenb. u. Pflanzensch, 33(9-10) : 215-221, 
1933-34 

Boyd. 0£ran] C[ecil] 

Losses due to leaf roll in potato variety test. U.S.D A. Plant 
Disease Rept. 20(21): 333, 1936. 

X hnef note. 

Boyle, L[ytton] W., & McEiimey, H[arold] H[all] 

Trichomes of incidental importance as centers for local virus 
infections. Science 85(2210) : 458-459, 1937. 

The avthois i^ort that the tricliomes aie of less importance than 
the epidermal cells. 


, w 

Local virus infections in relation to leaf epidermal cells. Phyto- 
pathology 28(2):114r-122, 1938. 

This is a stndy of infections in trichomes and surface q)idermal 
cdls. The authors used common tobacco mosaic and inoculated leaves 
of SUotiauM glatmosa, N. rwtica and Oapiiown frviesoens. The work 
involved mutilation of surface cells and ttiehomes and immediate ino* 
eolation. 

Boysen-Jmisen, P., 

Die Stoffproduktion der Pflanze (Blattrollkrankheit). Jena 108 
p., 1932. 

Branas, J., & Bemon, G. 

Contribution a 1 'etude du eourt-nou6 de la vigne. (Contribu- 
tion to the study of “eonrt-non4’’ of the vine.) ]^v. Path. 
& Ent. Agr. 22(1) : 19-24, 1935. 

& 

Contribution a I’etude dn court-noue de la vigne. (Contribu- 
tion to the study’ of “eourt-none” of the vine.) Awti. Ecole 
Nat. Agr. (Montpellier) n.s. 23(3-4) : 150-154, 1935. 

& 

Troisieme contribution a I’etude du court-noue de la vigne (Third 
contribution to the study of “eourt-nou4” of the vine.) Rev. 
Vitk- (Paris) 85(2216) : 469-472. 1936. 

The leaves from the diseased vmes contain a higher content of gin- 
cosides than the leaves of healthy plants. 
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, & Levadonz, L. 

Note sur la transmission par le sol de la d4generescence de la 
vigue. ■ (Note on the tranijnission of tlie degeneration ojE the 
vine by ^e soil.) Rev. Vitie. (Paris) 87 (2258) : 263-268, 1937. 

This is a discussion of the importance of Phylloxera in the spread 
of degeneration diseases such as ^^court-noue/* ' " arriciamiento, ” ‘‘rei- 
sigkranklieit, ' ’ fasciation, anomalie and panachure. 

Brentzel, W. E. 

“Purple top’' wilt of potato in North Dakota. U.S.D.A. Plant 
Disease Kept. 22(2): 44-45, 1938. 

This disease has some symptoms that indicate that it is due to a 
vii-us, but this has not been definitely proven. 

Sremer, H. 

Zur Krauselki-ankheit der Felargonien. (On the ourl disease of 
Pelargonium.) Blemen — u Pflansenban. 48(2) : — , 1983. 

Brierley. Philip, & McWhorter, Frank P[aden] 

A mosaic disease of iiis. Joum. Agric. Res. 53(8) ; 621-635, 
1936. 

This disease was found to be wid^y distributed on the Pacific Coast. 

Intracellular bodies were present. Transmitted by tissue, by juice 
and by lUinoia solanifoUa and Myzm persicae. 

, & McKay M[arion] B[ertice] 

Experiments with aphids as vectors of tulip breaking. Phyto- 
pathology 28(2) : 123-129, 1938. 

These studies show that the two viruses distinguished by McWhorter 
are transmitted by Mysus persicae and Macrosiphwa (UUnoia) solanir 
folia. My BUS oircumflexus transmitted in one trial. My bus solam previ* 
ously reported as a vector fails to transmit. 

Briton-Jones, B. H., & Staniland, L. N. 

The effects of strawberry aphids on the strawberry plant. Joum. 
Pom. & Hort. Sei. 6:127-136, 1927. 

This paper probably referred to a virus carried by the aphids. 

Bruner, S[tephen] G[ole] 

Experimento sobre el dano que oeasione el mosaico a la cafia 
Cristalina (Experiment on tbe damage of mosaic to Oris- 
lina cane.) Cuba Est. Agron. Expt., Santiago de las Vegas, 
Dept. Entom. & Pitopat. Ann. Rpt. i92&-30 : 41-46, 1931. 

Bums 

tJber das Dnrchwaehsen der Kartoffeln. D. Kartoffelbau 20: 
38-39, 1936. (D. Kartofellhandel 22(27) , 1936.) 

Bukart, A., & Soriano, S. 

Observaciones sobre el mosaico de las leguminosas. (Observa- 
tions on the mosaic of lugnmiuous plants.) Rev. Agron. 
Argentina 1(3^ : 229-230, 1934. 
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Burnet, P. M., Keoffh, E. V., & Lush, D. 

Immunology of plant viruses. The immunological reactions of* 
the filterable viruses. Australian Joum. Expt. Biol. & Med. 
Sci. (3 suppl.) 16:279-283, 1937. 

Burr, W. W. 

A stud?" of potato spindle tuber and combinations of spindle 
tuber with other degeneration diseases. Nebraska Agric. Expt. 
Sta. Ann. Rpt. 42:30-31, 1929. 

Busse, (G.) 

Zur Prage der Kartoffelabbaues. (On the questioji of potato* 
degeneration.) Deutsche Landw. Presse 63(17) :207, 1936. 

Karloffel-Abhau, Pflanzzeit und Ernteverfahreii, Deutsche 
Landw. Presse 63:566, 1936. 

Butler, B[dwin] J[ohn] 

Views on the “spike’’ disease in Ksandal^wood. Reported by M. 
Jluthamiab, G n., 1904. 

The nature of immimit'v in plants. Third Int. Cong. Comp. 
Path. B])t. 1(2): 1-16, 1936. 

The author recognizes five types of acquired immunity, viz. (1) 
following initial infection in the case of virus diseases, (2) local im- 
munity following initial infection, (3j immunity following vaccination 
in which antibodies may be present, (4) intrai^ellular immunity and 
(5)iinmunity symbiosis. 

Butler, 0[rmond] B[ourke] 

Potato disease experiments. New Hampshire Agric. Exp. Sta. 
Ann. Rpt. 1934, (Bull, 284), p. 15, 1935. 

A report of progress on temperature studies on mosaic of potatoes. 

Caldwell, John 

Factors affecting the formation of local lesions by tobacco mosaic 
virus. Roy. Soc. (London) Ser. B, 119(815) : 493-507, 1936. 

The produi'tion of lesions may be reduced or abolished by the addition 
of teitain substances (normal serum) to the juice containing the virus.. 
These inhibitory substances may act on the virus by neutralizing Its 
activity or the leaves by reducing susceptibility. The author proposes 
a method by which a distinction can be made. 

The agent of virus disease in plants. Nature 138(3503) :1065, 
1936. 

This is a brief paper in which the author makes refeience to Ids 
own published work and to the work of Stanley. The virus moves oat 
of the young leaves rapidly. The movement of the food material has 
veiy little effect on the movement of the virus. The movement of tiie' 
virus in protoplasmic strands is confirmed. 
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The movement of the agent in the plant. Deux. Coi^. Int. Path. 
Comp. (Paris) 1931. II Compt. Rend. et. Comm. p. 480, 1931. 

A note in English. 

, & Smith, Eeimeth M[aiiley] 

An air-home plant %’irus. Nature 13913522) : 761-762, 1937. 

A criticism. 

, & James, A. L., 

An investigation into the “stripe” disease of narcissus. I. The 
nature and significance of the histological modifications fol- 
lowing infection. Ann. Appl. Biol. 26(2) : 244-253, 1938. 

There is a wide variation in the appearance of infected plants. It 
inhibits or destroys chlorophyll, stimnlates cell division and cell growth. 
Inclusion bodies resemble X-bodies. 

Caley, D. M. 

Panachure infectiouse (breaking) des tulipes. (Infectious varie- 
gation (Breaking) of tulips.) Deux. Cong. Int. Path. Comp. 
(Paris) 1931, TI Compt. Bend, et Com. p. 446-447, 1931. 

A brief review. 

CaUnisan, M[elanio] B.. & Hernandez, Crispiniano C. 

Studies on the control of abaca bunchy-top with reference to 
varietal resistance. Phil. Journ. Agric. 7(4) : 393-408, 1936. 

A study on varietal resistance and rouging. Some varieties are more 
resistant than others. 

Gaminiha, Adriao 

Sugar cane diseases in Brasil. Brasil Assuc. 7(4) : 209-213, 

1936. (Pacts About Sugar (Abstract) 31(12): 471, 1936.) 

Contain.*? records of well known virus diseases. 

Came, W[alter] IMCervyn] 

Spotted wilt of tomatoes. Journ. Dept. Agric. West Australia 
2(5): 58, 1928. 

& Martin, D. 

Preliminary experiments in Tasmania on the relation of in- 
ternal cork of apples and cork of pears to boron deficiency. 
Journ. of the Coune. for Sci. and Inds. Res. 10(1) : 47-56, 

1937. 

This paper is included in the bibliography although there is some 
difference of opinion as to whether the disease is caused by a vims. 
This paper gives the results of fertilizer experiments for the control 
of the disease. 
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Carsner, E[ubaiiks] 

Seasonal and regional variations in cnrly top of sugar-beets. 
Science 63:213-214, 1926. 

Gives tbe results of studies on. rdation of weather to ontbreahs of 
the disease. 

& Piemeisel, B[obert] L[ouis] 

Sugar-beet curly top’s spread aided by vast increase in host 
vreeds. IT. S. Dept. Agric. Tear Book 1931 : 791-793, 1931. 

EesuTts from D. S. No. 1 resistant beet seed. Facts About Sugar 
30(2): 70. 1935. (Landb. Tydsehr. 48(584): 179, 1936.) 

Carter. W(alter) 

Seasonal and regional variations in the curly top of si^ar beets. 
Science 63(1625) : 213-214. 1926. 


The toxic dose of mealy-bug tvilt of pineapple. Phytopathology 
27(10) : 971-981, 1937. 

A study of Fssudococcus 'brevipes (GkU.) as a carrier of the causal 
agent of this disease. The percentage of infection increases with 
number of insects but is not directly proportional to the number. There 
is a point of dosage beyond which there is a very little increase. 
Variability between different experiments is very high. 

Aphis transmittal of CommeliTia nudiflora Linnaeus mosaic to 
pineapple. Ann. Ent, Soc. Amer. 30(1) : 155-158, 1937. 

The virus of C. Tmdiflora is transmissible to the pineapple where it 
produces a spot very similar to yellow spot. The vectors are Aph^s 
gossypa, My^us persicae and MaorosipTivm solamfoln. 

Casella, Dominico 

L’ apiature del liraone e la selezione gemmaria. (Variation in 
lemons and bnd selection.) Ann. R. Sperim Agrumicolt. e 
Putticolt. Aciseale 1:47-49, 1933. 

The author describes corrugated or ribbed strains of lemons which he 
believes be due to a virus. This character is transmitted by an aphid, 
Toxoptera aurantii. 

Cation, Donald 

An infections rosette of peach trees. Michigan Agric. Exp. 
Sta. Quart. Bull. 16(2) : 79-84, 1933. 


The role of plums in the spread of peach virus diseases. Michi- 
gan State Hort. Soe. Ann. Ept. 66 : 61-63, 1935. 

Popular. 
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Catoni, O. 

Malatlia e degenei'azione della patata. (Disease and degenera- 
tion of the potato.) BoD. E. Stat. Pat. Veg. 16(1) :234, 1935. 

Briftt Goiomentaxy cm a manual published under the above title. 

Malattia e degenerazione della patata. (Disease and degenera- 
tion of the potato.) A. G. Satumia, Trento, 140 p., 1935. 
(Review in Riv. Agric. Rome 31:157-158, 1935.) 

La degenerazione della patata (Degeneration of the potato.) 
First Convegno Nazionale per I’Ineremento delta Prodnzione 
della Palate etc., p. 29-30, 1935. 

La degenerazione della patata. (Potato degeneration). Atti del 
Primo Convegno Ineremento della Prod, della Patata, Como, 
p. 82-106, 1935. 

Programma per la rigenerazione della patata e la prodnzione di 
bnena semente nella Provincia di Trento. (Program for the 
regeneration of the potato and the production of good seed in 
the Trenton Province.) Trento, 8 p., 1936. 

Cavanagh, A. E. 

Report on phony peach disease control. Proc. Tennessee State 
Hort. Soc. 32:48-53, 1937. 

A popular review. The disease has beeu knovni for 50 years or more. 


Oayla, V. 

La canne 4 sucre et le “sereh” 4 Java. (Sugar cane and “sereh”^ 
in Java.) L’Agron. Colon. (Paris) ^(183) : 81-86, 1933. 

Chabrolin, 0. 

Notes phytopathologiques Tunisiennes. (Tunisian phytopatho- 
logies! notes.) Bull. Soc. Hist. Nat. Afr. Nord. 26(2) : 26-41^ 
1935. 

Mosaic of Vida faiba, 

Ghambmrlain, E[dvraird] E[din.borough] 

Pea-mosaic. Host range and methods of transmission. New 
Zealand Joum. Sd. & Tech. 18(6) : 544-556, 1935. 

A virus disease of erudfers. New Zealand Joum. Agric. 63(6) : 
321-330, 1936. 

A description, and discnssioiL of this disease which attacks Brasaioa 
rapa, B. eenma, B. Japomca, B. Napobrassica, Smapsis arvensis, 
Baphams sp. B. napus var, chmensis, 8. alba B. nigra, B. napvs Tar. 
typica, B. oleraeea var. bvllata, B, oleraoea var. hctryUs and B. oleracea 
var. acephala. It is transmitted by Brewoorym brassioa and Myam 
persktae. 
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Nicotine content of tobacco. New Zealand Journ. Sci. & Tech. 
18(8) : 628-637, 1937. 

Mosaic causes reduction in amount of nicotine. 


Pea insects. Its systems, economic significance, and preventative 
treatment. New Zealand Journ. Agric. 54(3) : 129-136, 1937. 
A description of the disease and list of host plants. It is transmitted 
by Myzus persicac. Aphis rumieis and Macrosiphum gei. The virus 
overwinters in red-dover. 


Tobacco-mosaic. Its appearance, cause, and control. New Zea- 
land Journ. Agric. 55(3) : 163^174, 1937. 


Tobacco mosaic. New Zealand Journ. Sci. & Tech. 19(4) :209- 
226, 1937. 


Yellow blotch-curl: a new wus disease of the red rasbeny in 
Ontario. Canada Journ. Res. C. (Bot. Sci.) 16(3) : 118-124, 
1938. 


Raspberry virus diseases and certification. Canad. Hort. (Fruit 
ed.) 60(5) : 145-146, 1937. 

Popular. 

Chandler, W. H., Hoadland, D. R., & Hibbard, P. L. 

Little-leaf or rosette of fruit trees. III. Proc. Amer. Soc. Hort. 
Sci. 1933, 30:70-86, 1934. 


Little-leaf or rosette of fruit trees. IV. Proc. Amer. Soc. Hort. 
Sci. 32:11-19, (1934), 1935. 

Chardon C[arlos] E[ugenio] 

Informe sobre el “mosaieo’’ de la cana de azucar al Senor Mi- 
nistro de Agricultura y Comercio, Dr. Manuel Jose Vargas, 
f Report of sugar cane mosaic to the Minister of Agriculture 
and Commerce, Dr, Manuel Jose Vargas.) Agricultura (Bo- 
gota) 9(6): 108-120, 1937. 

Observations on the mosaic disease in Colombia. 


Origenes y desenvolvimiento del mosaico de la cana de azlicar. 
(Origin and development of sugar cane mosaic.) Rev. Agric. 
Puerto Rico 28(4) -.749-753, 1937. 

Extract from a paper read before *‘Iia Sociedad de Agricultores de 
Colombia", Jan. 22, 1937. 


El mosaico de la cana de azucar en Colombia. (Sugar cane 
mosaic in Colombia). Rev. Agric. Santo Domingo, 28(92); 
239-242, 1937. 
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Bntomologfical investigations on the spike disease of sandal. 
Pentatomidae (Hempt.) Indian Forest. Ree. 20(9) : 1-31, 1934. 

A study of the insect fauna of the sandal. 

Entomological investigations on the spike disease of sandal (25), 
Lcpidopfera. Indian Forest Eec. Bnt. 1(10) : 185-204, 1935. 

A list of species collected. 

, & Bamakrishna Ayygur, T. V. 

Entomological Investigations on the spike disease of sandal (26), 
Coccidac (Homopt), Indian Forest Ree. Bnt. 1(12) : 233-242, 
1936. 

A list of species collected. 

•Chester, E[emLeth] S[tarr] 

The problem of acquired immunity of plants. Quart. Rev. Biol. 
8:129-154, 275-329, 1933. 

A serological estimate of the absolute concentration of tobacco 
mosaic virus. Science 82 : 17, 1935. 

Serological tests with Stanley’s crystalline tobacco-mosaic pro- 
tein. Phytopathology 26(8) : 715-734, 1936. 

The author gives the following summary: 

'^1. The Schultz-Dale method was applied to materials containing 
several plant viruses, including tobacco-mosaic virus. It was found that 
the viruses tested gave no anaphylactic reactions. This was shown both 
by absorbing the muscles with healthy-plant juices prior to testing for 
virus reaction, and by using as virus hosts for sensitization and testing, 
respectively, two species of plants so remotely rdated that the virus 
, was the only common serological element. Healthy-plant proteins, on 
the contrary, were liighly anaphylactogemc. The proteins of healthy 
tobacco and healthy tomato were very similar serologically. 

‘ ‘ 2. The uteri of animals sensitized with healthy-plant proteins reacted 
to solutions of crystalline tobacco-mosaic virus protein, and the uteri 
of animals sensitized with the crystalline protein reacted to dilute 
extracts of healthy-tobacco proteins. Complement-fixation teste con- 
firmed the anaphylactic tests in showing cross reactivity between the 
crystalline protein and healthy-plant protein- The evidence indicates 
that this cross reactivity is due not to a serological affinity between 
virus and healthy-tobacco protein, but to the presence in the crystalline 
material of a contaminatirg protein serologically allied or identical to 
protmn of the healthy tobacco plant, 

^‘3. Precipitin and complement-fixation experiments revealed the pre- 
sence in the crystalline materials of considerable quantities of virus. 

''4. Precipitin tests of the sera from sensitized guinea pigs showed 
that in a given animal tobacco-mosaic virus may be a highly active 
precipitinogen but inactive anaphylactically, while healthy-tobacco pro- 
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teins in the same aniina.l may be comparatively inert in producing pro 
cipitins but highly active in stimulating anaphylaxis. This implies that 
the mechanisms of the two reactions are dif^erent^ although the same 
antibodies may be concerned in both. It is possible that the molecular 
size or solubility of the respective antigens underlies this difference* 
in antigenic manifestation.^’ 

Separation and analysis of virus strains by means of precipitin 
test. Phytopathology 26(8) : 778-785, 1936. 

The author concludes by saying, ^*From the evidence reported above 
it is concluded that the absorption technique used permits the dif eren- 
tiation of strains of this same virus type. By using such a technique it 
has been shown that serological differences exist among certain strains 
of tobacco mosaic virus. Strains of latent potato-mosale virus also 
separable from one another serologically. It was found that the preci- 
pitin absorption technique described, not only serves to distinguish 
virus strains, but also ^ve some index of the constitution of the dif^ 
feient virus.” 

Liberation of neutralized virus and antibody from antiserum 
precipitates. Phytopathology' 26(10) ; 949-964, 1936. 

This paper gives the results of experiments which are summarized in 
part as follows: 

These findings demonstrate that when tobacco mosaic virus neutra- 
lized by its specidc immune serum, the vims is not destroyed but is held 

in an impotent non-inefective condition from which it may be liberated 
if the antibodies are destroyed by pepsin digestion.” 

The limilations of plant virus serol(®)'. Phytopathology (Ab- 
stract) 27f2) : 124, 1937. 

A critique of serology I. The nature and utilization of phyto- 
pathologieal procedures. Quart. Eev. Biol. 12(1) : 19-46, 1937. 

A simple and rapid method for identifying plant vh-uses in the 
field. Phytopathology 27(6) : 722-727, 1937. 

The author describes a method for the determination of viruses in 
the ficdd which is much shorter and easier than the laboratory blood 
or precipitin test. 

Serological studies of plant viruses. Phjrtopathology 27(9) : 903- 
912. 1937. 

The author has classified 34 viruses into 8 groups. Twenty-one viruses 
were found to be nonreactive. The author used a modmed precipitin 
method which enables a rapid identi^cation of the viruses. This is a 
very promising method for the identification and classification of vimseB. 
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Ciieuiaber mosaic in greenhouse petunias. U.S.D.A. Plan Dis- 
ease Kept. 22(5) : 81-82, 1938. 

Ohona, B. L. 

?icheme for research on mosaic and other diseases of sugar cane. 
Scient. Ept. Imp. Inst. Agrie. Res. (New Delhi) 1936-36: 
lia-122, 1937. 

Chonard, P., & Dufrdnoy, J[eaii]| 

Assais sur les pommes de terre par* les maladies a virus en haute 
montagne. Bull. Soc. Nat. Acdim. (Prance) 86(192): 40- 
44, 1938. 

Ohoudina, I. P., 

(The virus disease of tobacco plants in the U.S.S.R.) (Narkom- 
pishehenprom S.S.S.R. — Glavtabak. Vscsoiuzuyi Nanchni Is- 
sledovatelskii Institut Tabaehnoi i Makhorochnoi Promyshleu- 
uosli im A. I. Mikoiaua V (I.TJ.M.), Septor Zashehity Tabaka. 
Vykusk Krasnodar, No. 126. 76 p., 1936. 

Christoff, Alexander 

Mosaikfieckigkeit Chlorose und Stippenfleckigkeit bei Atpfeln, 
Cinnen und Quitten. (Mosaic spotting, chlorosis and bitterpit 
spotting ill apples, pears and quinces.) Phytopath. Zeitschr. 
8(3): 285-296, 1936. 

The author describes and compares in brief notes the different virus 
diseases of the mentioned fruits. Although the space devoted to each 
fruit is small his explanations are very eomprehensivo. 

Giccarone, A., 

Tina virosi del Poinodoro. (Nota preliminare.) (A virus dis- 
ease of tomato.) (Preliminary note.) Rev. Pat. Veg. 27 
(3-4) : 73-77, 1937. 

Perfection variety grown from Englidi seed developed from leaf. 

Clanss, G. 

Anhauversucli init start eiseiifleckingen Kartoffelsastgut der Sorte 
“Sickingeii’’. Tatigk, — Ber. Staall. Landw. Vers. — ^Anst. Au- 
gustenberg f. 1933-34, 76 p., 1935. 

Clayton, E[dward] E[astinan], Smith, H. H. Ss Poster, H. H., 

Mosaic resistance in Nicotiana tdbacum. Phytopathology (Abs- 
tract) 28(1): 5, 1938. 

Abstract of paper read before the American Phytopathological Society, 
December, 1937. Thirty-six strains collected in Colombia were resistant. 

Mosaic resistance in Nicotiana tabacwm L. Phytopathology 28 
(4): 286-288, 1938. 

A brief note giving results of recent work. 
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diiu^ Phyllis s. M. Loughnane, James B., & Bltirphy, Paul 
A[loysiTis] 

A study of the aueuba or yellow mosaic of the potato. Roy. 
Dublin Roe. Sei. Proe. n.s. 21(41) : 431-448, 1936. 

This is a study of aueuba mosaic of potato, tuber blotdi virus 
which is isolated out of iuterveinal mosaic of potato and a latent virus 
in Dutch variety of Monoeraft potato. These viruses attack several 
other plants and tuber blotch virus has been transmitted by Mysms 
yersicae^ but only in the presence of vims A. These virases are similar 
in physical properties, including filterability, thermal death point and 
longevity in vitro. Tuber blotch and Monocrat viruses are identical 
and probably correspond to the viruses underlying pseudonetnecrosis, 
the aueuba virus being a distinct but rdated form and the calico virus 
is probably rdated as well. The authors propose to designate the tuber 
blotch virus as F, with Monocrat virus as a synonym and the aueuba 
mosaic as G. They classify the potato viruses in three groups as 
follows; (1) virus X of Smith, (2) virus F of Clinch, Lounghnane & 
Murphy and (3) virus Y of Smith. 

Gobb, N. A. 

Stigmonose. Agric. Gaz. New South “Wales. 14 : 692, 1903. 

At the time of this publication the disease was not considered by any 
investigator as due to a virus. 

Godiran, L. C., & Hutebins, Lee M[ilo] 

Peaeh-mosaic host-relatioiiship studies in soutlienx California. 
Phytopathol<^ (Abstiaet) 27(9): 954, 1937. 

Abstract of paper read before the 21st Annual Meeting of the 
Pacific Division of the American Phytopathologies! Society. Mosaic has 
been found on apricot, almond, prone, plum and myrobolan plum. Some 

' cross inoculations with buds have been made. Identity of the viruses 

with peach mosaic, however, should not be regarded with more than 
strong suspicions until cross-inoculations have been completed.'' 

, & Smifbi, CHa^n 0. 

Asteroid spot, a new virosis of the peach. Phytopathology 28 
(4) : 278-281, 1938. 

A description. 

Cochran. W. G. 

The statistical analysis of field counts of diseased plants. Jonm. 
Roy. Statist Soc. (Snppl.) 8(1): 49-67, 1936. 

Studies of spotted wilt of tomatoes vrhich are correlated with studies 
of transmission by Thrips tabaod. 

Oockerham, George, & HcBain, Alan M. 

Virus disease researeli. Scottish Soc. Bes. in Plant Breeding, 
Ann. Ept. pp. 13-17, 1936. 
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Potato flowers and dissemination of potato viruses. Nature 140 : 
1,100, 1937. 

The author concludes that the tendency of Taiieties to flower or not 
flower has little effect on the transmission of potato ^irus diseases. 

, Ferguson, Hugk, & LyoU, Charles A. 

Virus Disease Research. Scottish Soe. Res. in plant Breeding, 
Ann. Rpt. 1937. p. 14r-17, 1938. 

A report of progress. Potato viruses reduced yields as follows, — X 
virus (least effect), A + Z complex, T virus. Leaf roll (greatest). AH 
viruses reduced sexual reproduction by reducing number of flower 
trusses. 

Cole, J[ohn] E[ufTZs] 

Bunch disease of pecans. Ph3rtopathology (Abstract) 27(2): 
125, 1937. 

A desenption. of a disease which resembles some of ihe vims diseases. 
Cause not definitely known but it is transmitted by grafting. 

Bunch disease of pecans. Phytopathology 27(5) : 604r-612, 1937. 

This disease is distinct from the loeette disease of pecan. It resemblea 
some of the vime diseases. It has been transmitted by grafting. 

Caleman, Leslie C[arles] 

Vims diseases of plants. Journ.’M3rsore Agrie. & Espt. Union 
10(3) : 125-132, 1929. 

Cook, Harold Tpiurstou] 

Mosaic-hke trouble of elm in Virginia. Plant Disease Rept. 20 
(14) : 227-, 1936. 

Cook, Mdville T[hurston] 

Insect transmission of virus diseases of plants. Sei. Month. 44 
(2) : 174^177, 1936. 

A semi-popnlar review of the enbjeet with special refereoce to tiie 
work in Japan on the rice dwarf. 

Descriptions of virus disease of plants, criticisms and suggestions. 
Joum. Agrie. Univ. Puerto il^eo ^(3) : 689-690, 1936. 

Suggestions and criticisms for anthors of papers on Ihese diseases. 

Phloem necrosis in the stripe disease of com. Joum Agrie. 
Univ. Puerto Rico 20(8) : 685-688, 1936. 

The nsolts of a study of the histdogy of com plants infected with 
this disease. 
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Enfermedades uuevas o poeo eonocidas de la eana de azuear en 
los Antillas. (New or little known sugar eane diseases in the 
Antilles.) Rev. Agric. Puerto Rico. (Suppl. 1, Mem. Assoc. 
Sugar. Cane Tech.) p. 5-13, 1936. 

Short description, of diseases of minor importance. Some of them 
appear to he due to viruses. 


Records of virus diseases of plants in Puerto Rico. Journ. Agric. 
Univ. Puerto Rico 20(3) : 681-684, 1936. 

Records and notes on 17 virus or virusr— like diseases. 


First supplement to the host index of virus diseases of plants. 
Journ. Agric. Univ. of Puerto Rico. 20(3) : 691-727, 1936. 

A continuation of the host index published in the above Journal 
19(3): 315-406, 1935. It contains 10 new families, more than 50 
new genera and about 150 new ^ecies of host plants. 

First supplement of the index of vectors of virus diseases of 
plants. Journ. Agric. Univ. Puerto Rico 20(3) : 729-739, 1936. 

Continuation of the index published in the above Journal 19(3): 407- 
420, 1935. It adds about 25 genera and more than 25 ^eeies to the 
original index. 

The witches' broom of Tdbeliiia pallida caused by a virus. Phy- 
topathology (Abstract) 27(2): 125, 1937. 

This disease has been attributed to a fungus. It is due to a virus. 


Cucumber mosaic in Puerto Rico. Phytopathology (Abstract) 
27(2): 125, 1937. 

The first severe outbreak in Puerto Rico during the past 13 years. 


Pioneers in the study of virus diseases of plants. Sci. Mon. 

46:41-46, 1938. 

The author arbitrarily places 1920 as the end of the pioneer period 
and selects eight workeis as pioneers. They are Adolph Edward Mayer, 
Dmitri J. V. V. lowanowski, Martians "Willem Beijerinek, Hendii<^ 
Marius Quanjer, Erwin P. Smith, Albert P. Woods, Harry A. Allard 
and James Johnson. Brief statements are made concerning the reasons 
for selecting them as the pioneers in this branch of plant pathology. 

Coons, G[eorge] H[erbet], Stewart, Dewey, & Elcock, H. A. 

Sx^ar-beet strains resistant to leaf spot and curly top. U.*S. 
Dept. Agric. Yearbook 1931:493-496, 1931. 
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Eotila, J[olui] E[niest], & Stewart, Dewqr 

Savoy a virus disease of beet tonsmitted by Piesma cinera. 
Phytopathologj* (Abstract) 27(2): 125, 1937. 

A deseription of symptoms and some experiments. Is the same as 
the disease described by Arthur and Golden in 1892. Occurs in many 
central and western states. 

Improvemeut of the sugar beet. U.S.D.A. Yearbook 1936:625- 
656, 1937. 

Contains a brief discussion on resistance to curly top, 

Cooley, L[iister] M[aiirina] 

Sources of raspberiy mosaic infections and how to get rid of 
them. Pi'oc. New York State Hort. Soc. 80 : 273-277, 1935. 

Semi-popular. 

Wild brambles in relation to spread of virus diseases in cultivated 
black raspberries. New York Agric. Expt. Sta. (Geneva) 
BuU. 665, 5 p., 1936. 

Wild red raspberries are numerous in western New York. They are 
usually with either green or yellow mosaic virus or with both. They 
support a large population of the AmphoropTtora ruhi which is a vector. 
Any control must take into consideration the eradication of the wild 
red raspberry host. Other wild rai^berries and black berries did not 
appear to be as important as the red raspberries. Leaf curl was rare 
but the vector Aphis ruhicola common. The spread of this disease was 
slow. Streak viruses were rare. 

Wild bramble eradication. New York Agric. Expt. Sta. (Ge- 
neva) Bull. 674, 32 p., 1936. 

A discussion of methods of eradication. 

Retarded foliation in black raspberries and its relation to mosaic. 
New York Agric. Expt. Sta. (Geneva) Bull. 676, 20 p., 1936. 

The green mottle mosaic virus retards the development of the foliage. 
The yellow mosaic virus has much less influence. 

The control of raspberrv mosaic. New York State Hort. Soe. 
Proc. 81:277-278, 1936. 

Popular. 

Costantin, Julien [Noel] 

(Potatoes in highlands.) Oompt. Rend. Acad. Sci. 181: 633-636, 
1925. 
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Actualites biologiques. Evolutioii de nos conceptions sur la d6- 
generescence et la symbiose (Biological notes. Evolution of 
our conception on degeneration and symbiosis.) Ann. Sci. Nat. 
X ser. Bot. (Paris) 16(2): 1-43, 1933, 

In this article the author makes reference of Serdi disease of sngar 
cane. 

Pathologic v6getale. Exteriorisation des d6g6n4rescenses pai 
Taction de Taltitude. (Plant Pathology. Exterioration of 
degeneration by the action of the altitude.) Compt. Bend. 
Hebd. Seane. Acad. Agrie. (Prance) 20:414-419, 1934. 

Crepin, C. 

Quelques reflexions a propos de la pomme de terre. (Some ob- 
servations in conection with the potato ) Compt. Rend. Acad. 
Agi-ie. rPfanee) 22(11) : 437-440, 1936. 

The author gives a review of our knowledge. The aphid vectors were 
the most important factors in the growing of healthy plants. 

Gristinzio. M. 

Un grave attaeeo dimosaieo nella ziicca (A serious attack on 
pumi)kin.) Eiverche Osseiv. e Divulg. Fitopat. Camp, ed 
Jifezzog. E. Osserv'. Eeg. Fitapat. Portiei. 6: 95-102, 1937. 

Bamm, B. 

Abbau-uncl Viruskrankheiten der Kartoffeln. (D^enration and 
virus diseases of potatoes.) Mtt. Landtrirtsch 51(2): 1116, 
1936. 

Bana, B[liss] F.. & McWhorter, F[raiik] P[aden] 

An outbreak of eurly top on pansy. Phytopathology 25(9) : 894, 
1935. 


Occurrence of curly top in the Pacific coast in 1935. TT.S.D.A. 
Plant Disea.se Eept. 20(24) : 72-76, 1936. 

Beeords of fidd studies. 

Occurrence of curly top in the pacific Northwest in 1936. 
U.S.D.A. Plant Disease Eept. 21(3) : 58-54, 1937. 

Beeords of the oecuireuee of this disease iu many localities and data 
of losses. 

Curly top or T\eatem yellow blight of tomato. Oregon State 
Hort. Soe. An. Ept. 28(1936) : 72-74, 1937. 

The curly top disease of vegetables in the Pacific Northwest. 
Oregon Agric. Expt. Sta. Cire. Inform. 180, 5 p., 1938. 
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Occurrence of curly top in the Pacific Northwest in 1937. Plant 
Disease Kept. 22(5) : 82-84, 1938. 

Boeords. 

Darlington, G. D. 

Beversion in black euri'ants : a study of the chromosoine comple- 
ment. Journ. Pomol. & Hort. Sci. 6:242, 1927. 

Darcy, 0. 

Les maladies de d6g4uerescence de la pomme de terre. (Degen* 
eration diseases of the potato.) Jardinage 23(198) : 28-30, 
1935. 

Darrow, 6. M., & Demaree, J. B. 

Nortliem type of strawberry dwarf serious on the Chesapeake 
Peninsula. U.S.D.A. Plant Disease Bept. 23(7) : 109, 1938. 

Davis. J[dlm] J[Tuie] 

Nature of disease producing viruses. Nature 124 : 267, 1929. 

Davis. M. V., & Blair, P. S. 

Virus diseases of cherries in British Colombia. Canadian Hort. 
(Fruit Ed.) 69(9) : 208, 1936. 

Popular. 

Decoux, L., & Roland, 6. 

Keeherehes elfectuees eii 1936 sur la .iaunisse ct la mosaique de 
la bettevave (Research work on vnits yellows and mosaic of 
the beet-root in 1936.; Publ. Inst. Beige Amel. Betterave 
5(5) : 449-454, 1937. 

.Vanderwaeren. J., Roland, G. & Simon, M. 

Revue des travaux de I’Tnstitut Beige pour 1 ’Amelioration de la 
betterave de 1932 a 1936. (Review of work on the improve- 
ment of the beet during 1932 to 1936 at the Belgium Institute.) 
Publ. Inst. Beige. Amel. Betterave 6(1): 4-35, 1938. 

Deighton. F. C. 

Preliminary list of fungi and diseases of plants in Sierra Leona. 
List of fungi collected in Sierra Leona. Bull, of Mise. In- 
formation. Boy. Bot. Card. Bew 7 : 397-433, 1936. 

This list contains mention of several vims diseases. 

Demaree, Juan B., & Darrow, George M., 

Leaf variegation in strawberries not considered a vims disease. 
U.S.D.A. Plant Disease Rpt. 21(22) : 400-403. 1937. 

A deseripticm of the disease and evidence to show that it is not doe 
to a vims. 

Denley, C. L. 

Mosaic control on Godchaux properties. Sugar Bull. 15(20): 
3-5, 1937. 



298 THE JOUSNALi OF AGRIOUI/njBE OF THE UNIVERStTT OF P. E. 


De Long, W. A. 

Variation in the eliief ash eonstilnents of apples afPected with 
hlotcliv cork. {= bitter pit) Plant Phvsiologj’ 11:4:53-456, 
1936. 

Desai, S[hiiishkent] V[rijray] 

Scheme for research on mosaic and other diseases of sugar cane. 
Agiic. Res. Inst. Pusa (India) Seient. Ept. 1933-34:154-167, 
1936. 

Dickson, B[6rtram] T[homas], Wright, H. D., Game, H. £., & Noble, 
B[obert] J[ackson] 

Filterable viruses. Australian & New Zealand Ass. Adv. Sci. 
21:437-439, 1933. 

Popular. 

DieU, R. 

Lew problemes actuels de ramelioration et des champs d 'expe- 
riences de pomme de terre. (Present problems of improve- 
ments and the experimental fields of potato.) Le Seleetionneur 
VersaiUes 6(2): 81-89, 1936. 

Varietal test of potatoes m regard to degeueration. 

Dixon, H. H. 

Are viruses organisms or autoeatalysts ? Nature, 139(3508) : 
153, 1937. 

A discussion of the work by Stanley, Bawden and others. 

Dobroscky, Irene D[orethy] 

Insect studies in relation to cranberry false blossom disease. 
Amer. Cranberry Grow, Ass. Proc. Ann. Meet. 68 : 6-7 ; 10- 
11, 1928. 

Doidge, E. M. 

Scalv bark (psorosis) of citrus trees. Journ. Dept. Agrie. South 
.Africa 12(1) : 61-67, 1926. 

D’ OUveira, H. de L. 

Aspectos actuates do problema dos virus filtraveis. (Present as- 
pects of the problem of filterable viruses.) Eev. Agron. 
(Lisbon) 24(1): 52-63, 1936. 

Doerr, B. 

Allgemeine merkmale der virusarteu. (General characteristics 
of viruses.) Z. Ilyg. Infekt. Kr., 118(6) : 738-747. 

A lecture before the Second International Congress of Microbiology. 

Doolittle, S[ears] P[ol 7 dore], & Alesander, L. J. 

Injurj’ to greenhouse tomatoes as a result of a combined infection 
with the Airuses causing tomato and cucumber mosaic. Phyto- 
pathology 26(9) : 920-922, 1936. 

Description of a disease caused by ,lohn8on’«i tobacco virus 1 and 
Doolittle'^s cucumber virus 1. 
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, & Beecher, P. S. 

Seed transmission of lomato mosaic folloiving the planting of 
freshly extracted seeds. Phytopathology 27(1): 800-801, 1937. 

This paper refers to tobaceo virus 1. The authors report a low 
percentage of seed transmission when freshly extracted seeds are use. 
There was a smaller percentage in old seeds. ‘‘The piesent note seeks 
to emphasize the possibility of seed transmission of mosaic in breeding 
work, where, to produce several generations of plants in close succession, 
seed is planted soon after its extraction from the fruit. "Where this 
is done there seems to be a definite danger of an appreciable amount 
of seed transmission of the virus. 

Dorst, J[acobus] G[orne]ius] 

Transmission de la maladie de la mosaique par blessure on par 
contact des plaiites. (Transmission of mosaic disease through 
wounds or by contact of plants.) K-ev. Bot. Appl. d'Agric. 
Trop. 11:26^265, 1931. 

Transmission of potato mosaic. 

BouDm. M. S. 

A study of fungi and bacteria having virophoric and viroeide 
properties. Summary’' Sei. Ees. Inst. P. E., U.S.S.E. p. 509-510, 
1936. 

BufrSnoy, Jean 

^ltude eytologique des plantes afEectees par des maladies a virus. 
fCytologieal study of plants affected with virus diseases.) 
Ann. Bpiph. 14 : 163-171, 1928. 


Changes induced in cells of sugar cane mosaic. Proe. Pacific Sci. 
Congr. 4th. Java, 1929. 4:25-27, 1930. 


Sur un virus des Eenonciilaeees transmissible su Nicotiana ior 
bacmx, Compt. Eend Soe, Biol. E6union Bordeaux 117 : 373- 
375, 1934. 


Les maladies a virus. (Virus diseases.) Defense Sanitaire V6- 
getanx. Compt. Eend. Trav. Congr., (Paris) 1934:24-26, 
1935. 


Les maladies a virus. (Virus diseases.) Defense Sanitaire V6g6- 
taiix Compt. Bend. Trav. Congr. (Paris) 1934, 1 ; 207-210, 1935. 


L’immunile des plantes vis-vis des maladies virus. (The im- 
munitv of plants vis-a-vis of virus diseases.) Ann. Inst. Pas- 
teur 64:461-512, 1935. 

In this rather extensive work the author discusses his points of 
views in regard to plant immunization specially the effect of inoccn- 
lations. 
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Structiire et melabolisme cellulaire. (Structural and cellular 
metabolism.) Arch. Anat. Mic. 31(1): 1-77, 1935. 

Pytologieal studies of virus diseases of plants. 

Le “spotted-wilt’’ (The spotted wilt). Ann. Epiphytes & 
Phyto. 3(2) : 187-223, 1937. 

General account of the disease known as spotted wilt; the author 
gives the different hosts subject to the eymptoms of that form of 
mosaic. Gives also a list of viruses which cause local lesions. 

, Bouget, J, 

Sstiides sur des maladies a virus de la pomme de terre. (Studies 
of virus disease of the potato.) Ann. Sei. Nat, Bot. 19(10) : 
181-202, 1937. 

General discussion on the different types of virus diseases of potatoes. 
The authors give a brief description of symptoms in each case. They 
also discuss the effect of climate. 

Duggar, B[enjamin] M[inge], & Hollander, Alexander 

Inactivation of the virus of tjpical tobacco mosaic and of Esche- 
richia coll in the shorter ultra-violet. Journ. Bact. (Abstract) 
3ia):32, 1936. 

Dumon, A. G. 

La propagation des maladies de degenerescence en Belgique. 
(The i)ropagation of degeneration diseases in Belgium.) Sat- 
tion D' Amelioration des Plantes (Heverle) Inst. Agron. Univ. 
Catholique de Louvain No. 4, 20 p., 1931. 

Popular account of five years observations on fidd work. 

& Swartele, A. 

Het ontaar-dingsvraagstuh bij Pragaria. (Le probleme de la 
degenerescence chez le fraisier.) (.The problem of strawberry 
degeneration.) Lanbou van de Univ. le Louven. voor owge- 
paste Genetiea. pp. 1-10, 1937. 

Tiie serological method did not show in virus in degenerate stiawberry 
plants. 

The authors do not consider the method of value. 

Dntt. N. L. Hnssainy, S. A., & Erisboaswani, M. E. 

A note on the breeding of sugar cane varieties resistant to mosaic. 
Indian Acad. Sci. Proc. 3(6) : 425-431, 1936. 

The data indicates that resistanoe is correlated with the presence of 
bristles on the leaves. 

Dykstra, Tpieodore] P[eter3 

Report on potato virus diseases in 1936. Amer. Potato Jonm.. 
14(4) : 117-124, 1937. 

Popular. 
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Edkersou, S[ophia] H[emion], & Webb, B[obert] W[i]liaiii] 

The intraedlolax bodies associated with rosette disease and mo* 
saie-like mottling of wheat. Jonm. Agric. Bes. 26(12} : 605, 
1923. 

Edwards, E. T. 

The witches’ broom disease of lucerne. Australian & New Zesr 
land Assoc. Adv. Sci. Rpt. 22:323-324, 1935. 

The witches’ broom disease of lucerne. New South "Wales Dept. 
Agric. Sci. Bull. 52, 31 p., 1936. 

This IS a report of the contmuatioii of the studies by the author which 
have been reported in two previous papers. He discusses the symptoms^, 
distribution and economic importance of his work. He also gives a 
detailed account of his own investigations. The disease has been trans- 
mitted by grafting. 


Witches’ broom of lucerne. A series disease in inland areas. 
Agric. Gaz. New South Wales 47 (' 8) : 424-426, 1936. 

Popular aeeotmt of the work reported in Bes. Bull. 52. 

Ehrke, G. 

Die Bisenfleckigheit der Kartoffel. Forsehungen u. Fortschritte 
12:24-25, 1936. 

Eide, 0. J. 

Plant viruses. Minnesota Hcrt. 66(10) : 191-193, 1937. 

Emmerez de Ghanuoy, D[onald d’] 

Die mosaikkrankheit de.s Tabaks auf Mauritius. (Tobacco mo- 
saic disease in Mauritius.) Inleruat. Idw. Bxiudschau, p. 775, 
1928. (Zeitschr. f. Pfilanzcnki'ank. (Plauzenpathologie) und 
Pflauzensct. 40 Baud, heft 6, 1930.) 

Mosaic of recent appearance. 


Nouvelle eoutribution a l’6tude du streak. (New contribution 
to the study of streak.) Rev. Agric. Ille. Reunion 39:193- 
202, 1934. 


La lutte coutre la mosa'ique de la caune a sucre a la Reunion. 
(The %bt against sugar cane mosaic in Reunion.) Revue 
Agr. Ille Reduiou 42 ; 1-10, 1937. 

Emon, J. 

TTue opinion sur la eourt-noue. (An opinion on “court nou6’’.) 
Progr. Agric. & Vit. 106(2) : 41-43, 1936. 
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Eriksson-Quensel, Inga-Britta, & Svedberg, The 

Sedimentation and electrophoresis of the tobacco mosaic vims 
protein. Jonrn. Amer. Chem. Soc. 58(10) : 1863-1867, 1936. 

The authors worked on tobacco Tirus protein furnished by Stanley. 
They found a considerable inhomogeneity with regard to molecular 
weight but said that it was not improbable that the virus protein might 
be homogenous with regard to molecular weight in its native state. The 
electrophoretic determinations showed the virus protein to be chemically 
well-defined and practically homogenous. 

Evans, I[lltyd] B[TiIler] Pole 

Bitter-pit of apple. South African Dept. Agric. Tech. Bull. 
2, 1911. 

Pasture research and crop production. Annual Report of the 
Division of Plant Industry, Farming in South Africa, 10(117) : 
548-560, 1935. 

Mentions leaf curl and kromnek of tobacco (which is probably same 
as spotted wilt). Also scaly bark or psorosis. 

Ewart, A. J. 

Cause of bitter-pit. Proc. Roy. Soc. Victoria, Australia n.s. 
30:15-20, 1917. 

At the time of this publication the disease was not considered by any 
investigator as due to a virus. 

Ewert, R. 

Zum Abbau der Kartoffel. Beobachtungen iiber den abbau der 
Kartoffel unter besonderer Beriicksichtigung des vergangenen 
Jahres. Deutsche Landw. Presse 62:41-42, 55-56, 1935. 

Eyer, J. B. 

Observations on the pathological history and phyto-chemistry 
of psyllid-yellows. Phytopathology 25(9): 895, 1935. 

Fawcett, 6[eorge] L[orenzo] 

El enralamiento de las hojas de la tomatera. (The curling of the 
leaves of the tomato.) Rev. Ind. Agr. (Tucuman) 10:49- 
54, 1929. 

El enerespamiento de las hojas de la remolacha y el insecto 
transmisor. (The curling of the leaves of Ihe beet and the 
transmitting insect.) Rev. Ind. Agr. (Tucuman) 18:61-66, 
1937. 

Fawcett, H[oward] S[amuel] 

Scaly bark, citrus scab, gumming of citrus, fungi on citrus 
whitefly. Florida Agric. Bxpt. Sta. Rpt. 1906-67:43^9, 1907. 

Scaly bark of citrus. (A preliminary report.) Florida Agric. 
Expt. Sta. Bull. 98:73-78, 1909. 
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Stem-end rot, gummosis, nail-iust, citrus scab, Aegerita Webberi, 
Gephaoloporiiim lecavtii, Florida Agric. Expt. Sta. Ann. Ept. 
1909-10:45-65, 1910. 

Scaly bark or nail-rust of citrus. Florida Agric. Expt. Sta. 
Bull.. 106, 41 p., 1911. 

New information on psorosis or scaly bark of citrus. Calif. 
Citrograph. 18(12): 326, 1933. 

A new sjmptom indicates that the diseases may be due to a virus. 

Feiginson, N. 

(Determination of the crops susceptible to virus diseases, geog- 
raphical distribution and injuriousness of virus diseases of 
plants.) Summ. Sci. Res. Work Inst. Pt. Prot., 1935 : 505-507, 
1936. 

Contains very valuable data on a number of virus diseases. 

Ferguson Wood, E. J. 

Some anatomical and cji:ological studies on fiji disease of sugar- 
cane. Proc. Roy. Soc. Viet. N. S. 49(2) : 308-313, 1937. 

A very complete discussion. 

Fernandes, D. S. 

Vootlookinge mededeeling over de corzaak van de zeefvatenziekte 
(phloemnecrose) bij de Liberia koffie en hare bestrijding. 
(Preliminary note on the cause of the sieve tube disease) 
(Phloem-necrosis) of Lilierian coffee and its control.) Meded. 
Landbouwproefstat. (Suriname) 2, 12 pp., 1928. 

Fielitz, F. 

Las ultravirus en patologia vegetal. (Ultraviruses in plant 
pathology.) Agron. Assoc. Estud. Agron. (Montevideo) 6: 
23-33, 1935. 

Ensayo sobre '‘Crespadura de las papas” enfermedad a virus 
filtrante. (Test on leaf-roll of potatoes a filterable virus dis- 
ease.) Rev. Assoc. Rural Uruguay 63(4): 23-28, 1936. 

Ensayo sobre “crespadura de las papas”, enfermedad a “virus 
filtrante” (Test on leaf-roll of potato, disease due to a filterable 
virus.) Rev. Asoc. Rural Uruguay 63(6) :9-15, 1936. 

, & Bertelli, J. 0. 

Enfermedad a ultravirus en las plantas “crespadura de las pa- 
pas” primera eomunicacion 1934. (Virus disease of plants, 
potato leaf roll first note 1934.) Archive Coc. Biol. Monte- 
video. 8(1) :4e-57, 1937. 
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Filho, A. G. 

As chlorosis de canna de a^ncar. (The chlorosis of sugar cane.) 
Brasil Azucareiro 6(6) : 360-362, 1936. 

Fife, J[ajnes] M[ilton] & Prampton, V. L. 

The pH gradient extending from the phloem into the parenchyma 
of the sugar beet and its relation to the feeding behavior of 
Euteffix icnellus. Journ. Agric. Res. 63(8) : 581-593, 1936. 

When sugar beet seedlings are exposed, to a high concentration of 
carbon dioxide preceding and during the period of inoculation of in- 
fection in the normal plants to that in the treated plants was 4.7:1. 
Eutettix tenellus feeds on the petioles of the plants treated with carbon 
dioxide it appears to lose its sense of direction in reaching the phloem. 
The ratio is 4.6:1. The insect prefers an alkaline food (pH 8.5) 
rather than a food with an acid reaction (pH 5.0) . ''The evidence 
indicates that leaf-hoppers feeding under normal conditions are probably 
guided to the phloem by pH gradient. 

Foes, [Edmiuid] E[tieiuLe] 

Les maladies k virus. (Virus diseases.) Bev. Path. Gompar4e. 
1925. 

Au suject de la pomme de terre et des maladies dites de d4- 
generescenee. (On the subject of the potato and the so-caUed 
degeneration diseases.) Compt. Bend. Acad. Agric. (France) 
22(14) :57S-576, 1936. 

The author agrees for the most part vith.Cr^iu. 

Folsom, D[onald], & Bonde, B[eiiier] 

Some properties of potato rugose mosaic and its components. 
Joum. Agric. Bes. 66(10) : 766-783, 1937. 

This disease is attributed to at least two inruseS; the pure rugose 
mosaic or veinbanding virus and the latent mosaic virus. 

et al. 

Net necrosis of potatoes. Maine Agric. Bxpt. St. Ext. Serv. Bull. 
246. 12 p., 1938. 

A popular discussion of this disease with special reference to its 
relation to leaf roll. 

Franke, H. M. 

TJntersuehungen iiber die Physiologic der pflanzliehen Virose. 
(Investigatious on the new ideas of the physiology of plant 
viroses.) Biochem. Zeitschr. 293(1-2) : 39-63, 1937. 

Zur Physiologic der pflanzliehen Virose. (New ideas on the 
physiology of plant viroses.) Biochem. Zeitschr. 296(1-2) : 
149-152, 1937. 
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7re«nan, Monroe Edward 

Separation of one component of potato rugose mosaic by pH 
difference. Science n. s. 82 : 105, 1935. 

Different pH values were used. Eugose mosaic of potato at pH 3.6 
or less no symptoms. At pH 4.0 to 5.5 latent mosaic only. At pH 
5.6-7.6 rugose mosaic symptoms. At pH 9.7 latent mosaic only was 
transmitted. 

Ereitag, J[iilius] H[ermaiL] 

Negative evidence on multiplication of curly top virus in the 
beet leafliopper, Eidittix tenelhis. Hilgar^a 10(9) : 305-342, 
1936. 

The author states that: ^'The results of the investigation indicate 
that the curly top virus does not multiply in the beet leafhopper. Ho 
evidence was found to support such a theory as has often been surmised 
on the basis of indirect evidence. * ’ The paper contains very interesting 
data. 


, & Severin, H[enry] H[enuan] P[aiil] 

Ornamental flowering plants experimentally infected with curly 
top. Hilgardia 10(9) : 263-298, 1936. 

The disease was produced by experimental transmission in 92 species 
of ornamental plants in 73 genera and 33 families. 

Priebe^ P. 

(The electrical measurement of the degree of ‘‘degeneration** of 
potato planting stock: A practical test with the new method 
of Hey and Wartenberg.) Pflanzenban 9(9) : 351--355, 1933. 

Prieddinger^ H. W. 

Eine neve Bubenkrankheit. (A new beet disease.) Die Ums- 
chan. 34:72-74, 1930. 

A virus disease. 

Fnkxudii, T[eikichi] 

(An insect vector of the dwarf disease of rice plant.) Proc. 
Imp. Acad. Japan 13(8) : 328-331, 1937. 

Gadd, G[aleb] H[erbert] 

Pliloem necrosis of tea. Inst. Ceylon, Ann. Rpt. 1936:27-28, 
1937. 

May be a virus disease. Causes a curliog of the leaves. 

Oaddis, B. M. 

Eradication of citrus canker and control of phony peach and 
peach mosaic. Joum. Bcon. Entom. 29(5): 940-9^ 1936. 

The phony peach disease has been greatly reduced. The peach 
mosaic has spread with great rapidity. 
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Control of phony peach disease. U.S.D.A. Plant Disease Kept, 
(Supplement) 96:36-41, 1937. 

A brief history and discussion of methods of control. Also a state- 
ment as to present status and geographical distribution. 


Eradication of the peach mosaic disease. U.S.D.A. Plant Dis- 
ease Kept. 96:45-46, 1937. 

A brief reviev7 with statements as to progress on survey, eradication, 
present status and geographical distribution. 


Progress in peach mosaic eradication. California Dept. Agric. 
Spec. Pnb. 166:50-54, 1938. 

Gallis, P., 

L’ Ugni blanc et le eourt-noue. (White “Ugni’’ and ‘'coui-t- 
noiie”.) Progi*. Agric. Vitie. 107(15) : 346-347, 1937. 

Obsei rations supporting the work of Rous. 

Galloway. L. D. 

Report of the Imperial Mycologist. Scient. Rep. Imp. Inst. 
Agric. Res. (Pusa) 1934-36:121-140, 1936. 

Contains a plan for lesearch on mosaic of sugar cane. 

GarbowsM. L[iidwik] 

(Determination of the health of potato seed tnbers by preliminary 
culture from the eyes.) Proc. Wudz. Chorn. Rosl. Panstw. 
Inst. Xank. Gosp. Wiejsk. Bydgoszczy. 15:31-41, 1936. 

Experimental work demonstrated the value of the tuber-indexing 
method. 


Wplytv na rozwoj mosaild smugoAvatej w doswiailczeniu z odmiana 
ziemniakow industria Modrowa. (Influence of soil on the de- 
velopment of streak mosaic in tests with the potato variety 
modiws Industrie.) Roczu. Xeuki-oL, 41(2) : 387-391, 1937. 

A test of diseased potatoes on sandy and on well manured soil. The 
plants on the sandy soil showed more pronounced symptoms of disease 
but the per centage of lose in yield was about the same. 


Proby przeszezepiania ehorob wirusowyeh ziemniakow. (Tests 
on the ti'ansmissioii of virus diseases of potatoes.) Prece 
Wydzielu Chorob I yzkodnikow Roselin. Panstwowy Inst. 
Nankowy Gospoderstwa Wiejskiego. 16:5-39, 1937. 


Wplyw gleby na rozwoj mosaiki smugowatej w doswiadczeniu z 
octoiana ziemniakow Industria Modrawa. (Influence of the 
soil in the development of ‘‘bigarrare” mosaic in the culture 



BIBIilOGBAPHT OF mOS DISEASES OF FLAKTS 


307 


of the Taidety of potato “Industria de Modrow”.) Prace 
"Wydsialu Chordb I Szkodnikow Roslin. Panstwowy Inst. 
Nankony Gospodei'&twa Wiajskiego 16:41-69, 1937. 

Details of observations on the influenoe of soil on the behavior of 
potato mosaic of the type known as ‘‘bigarrure”. 


Postepy badau nad chorobami wirusowymi roslin. Beferat 
zbiorowy. (Progress on the studies eoneeming virus diseases 
of plants.) Praee Wydzialu chordb I S^odnikow Rodin. 
Panstwowy Inst. Naukouy Gospodarstwa Wiejskiego. 16 : 127- 
178, 1937. . , 

Cfardner, M[as:] W[jlliam,] Allard, Harry A[rdeil,] & dayton, 
E[dward] E[astman.] 

Superior germ plasm in tobacco U.S.D.A. Yearbook 1936 : 785- 
830, 1936. 

Contsdns a diort note on. Tiros diseases. The Ambalema is the oafy 
vaiiety tested that does not contract ordinsiy tobaeco mosaie. 

, Tompkins, G[liristian] B([[ilton,] & Thomas, H. Bex. 

Factors affecting the prevalence of the spotted trait virus. Phyto- 
pathology (Abstract) 27 (2) : 129, 1937. 

Ghimsd, V. 

Virusurile iitopatogeue si virozele principalelor plante cultivate. 
Pagina Agrare Si Sociale 20 p., n. d. 

Starting with a brief historical sl^teh the author, reviews the work 
of others and then discusses viruges of a great number of eultivated 
plants. 


Afectiunile patologici si inamici tutumulni din Romania in 1935. 
Bull. Cultiv. Ferment. Tutum. 24(4) ; 416-418, 1935. 

Notes on virus diseases of tobacco. 

Giddings, lT[ahiim] J[ames] 

A greenhouse method for testing resistance to curly top in sugiff 
beets. Phytopathology 27(7) : 773-779, 1937. 

The author describes a method, more rapid thain the field method and 
gives some of the results. 

Gigante, B[oberto] 

Nota preliminare suUa “Necrosi del cuore” di patata. (Pre- 
liminary note on the heart necrosis of potato tubers.) Boll. 
R. Staz. Patol. Veg. 13(1) ; 155-159, 1933. 

A disease which is transmitted by the tuber. 
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(Preliminary studies of the response of some Italian varieties of 
potatoes to the viruses.) Bol. R. Staz. Patol. Veg. (Rome), 
n.s. 15(4): 533-547, 1935. 

A discussion of the reaction of four varieties of potatoes to the X 
and Y virus and to combinations of the same. 

Secondo contribute all eonoseenza della neerosi del euore dei 
tuberi di patata. (A second contribution to the knowledge 
of heart necrosis of potato tubers.) Boll. E. Staz. Paz. Veg. 
Roma, n.s. 15(4) : 555-560, 1935. 

Plants from diseased tubers grew as well as those healthy tubers 
but the disease appears to be hereditary. 

Una nueva virosi della rosa in Italia (A new vjh'oses of the rose 
in Italy) Bol. R. Staz. Patol. Veg. Roma^ H-s. 1C(2): 76-94, 
1936. 

Rome. Transmitted by a Macros^ phum aphid. 

II mosaico del sedano (Celerv mosaic). Boll. R. Staz. Patol. Veg. 
Roma, n.s. 16(2) : 99-114, 3936. 

Description of the disease and of escperimental work in inoculation 
with aphids and from squash plants. 

II mosaico della violaeioeca. (Mosaic of the Stock (Gillflower).) 
Boll, R. Staz. Patol. Veg. Roma n.s. 16(3) : 166-174, 1936. 

Although brief, very comprehensive description of a virus disease 
of Stock flower (GUlflower) Matthiola iThocma, Histological, cytological 
and transmission studies were made. 

Una nuova malattia del pomodoro. (A new disease of tomato.) 
Bol. R. Staz. Pat. Veg. Rome n.s. 16(3) : 183-199, 1936. 

The author describes a disease of the tomato and the tomato plant 
ocurring in Sicily in 1935-36. Characterized by leaf variegation. After 
histological studies and observations the author concludes that the 
malady is due to a virus. 


La laeiniatura da virosi delle foglie di pomodoro (The “fern 
leaf” virose of the tomato leaf) Bol. E. Staz. Pat. Veg. Eome 
n.s. 17(1): 87-119, 1937. 

The author makes a very complete description of the disease. The 
cytological studies showed the presence of intracellular bodies which 
the author took for X bodies. Experimentally the disease was trans- 
mitted from plant to plant and from tomato plants to tobacco plants 
causing local lesions on the later. The anthor condndes by stating 
that the virus producing this type of disease in tomato is of a com- 
plex character. 
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. Eicerehe istologiche siille “ Omeoplasis crestiform^’ (Enations) 
delle foglie di vite affette da raehitismo. (Histological in- 
vestigations on "Omeophasia erestiformi^’ (Enations) of the 
vine leaf affected by “raehitism”.) Bol. R. Stat. Patol, Veg. 
Rome. n.s. 17(2) : 169-192, 1937. 

The author reviews the work of others m regard to euatiou of several 
plants makmg comparison. Discusses thoroughly his histological studies. 
He concludes tliat transmission experiments will be the final sure proof 
that this disturbance may be due to a virus. 


Esperienze snlla trasmissibita della “necrosi del cuore’’ dei tuberi 
di patata. (Experiences in the transmissibility of “heart 
necrosis'’ of the potato tuber.) Bol. R. Stat. Patl. Veg. Roma 
n.s. 17(3): 277-292, 1937. 

Summarizing the author states that potato tuber heart necrosis’^ is 
a hereditary disease which diminish the number of tubers produced in 
size and quantity and spoils its quality. He concludes that it is caused 
by a viius of the “Eisenfleekigkeit'* type. 


H mosaieo della fava (Vida fata L.) in Italia e comportamento 
di alcnne legnminose di f rente ad esso. (The mosaic of the 
broad bean (Vicda faba L.) in Italy and the behavior of some 
leguminous that confront it.) Bol. R. Stat. Pat. Veg. 17(4) : 
497-530, 1937. 

The author discusses the characters of Vida faba L. mosaic disease, 
describes the disease, its histology and its transmission. He compares 
and discusses other leguminous virus diseases and concludes that the 
broad bean mosaic disease is not specific of the plant under study but 
that it presents characteristics of a complex virus. 

Uokhale, V. P. 

Preliminary observations on small-leaf disease in cotton. In- 
dian Joum. Agric. Sci. 6(2) : 475-480, 1936. 

Oolden, Katherine E. 

Diseases of the sugar beet root. Proc. Ind. Acad. Sci. 1891: 
93-97, 1891. 

The disease referred to in. this paper and supposed to be doe to 
baeteria was probably a Tims disease reoently deeeribed by CiooiiB et 
al as “savoy”. 

•Ctolding, F. D. 

Cassava mosaic in Southern Nigeria. Nigeria Agric. Dept. BnU. 
11:1-10, 1936. 

The diseased plants yield 30 per cent less than the heelthy plants. 

folding, M. I 

On the so-called masking of virus diseases. Oompt. Bend. (De- 
plady) Acad. Sci. U.S.S.E. 16(9) : 567-569, 1937. 
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Goodwin, W. & Salmon, £[mest] S[taiile7] 

Infectious sterility in hop gardens in Czecho-Slovakia. Jonm. 
Inst. Brew. n. s. 33(4) : 209-210, 1936. 

A summary based on description by Blattny and Vukolov. 

Goss, B[obert] W[Mtmore] 

A review of the disease problems confronting the Nebra(^ 
growers of certified seed. Nebraska Potato Improvement 
Assoc. Ann. Rpt. 1935-36: 6-14, 1936. 

Contains records of virus diseases. 

A review of the disease problems confroirtiiig the Nebraska 
growers of certified seed potatoes. Nebraska State Bd. Agric. 
Ann. Ept. 1936:682-690, 1936. 

Summary of potato disease records from certification inspection 
in Nebraska for the past five j^ears. U.S.D.A Plant Disease 
Kept 20(6): 102-106, 1936. 

Contains data on losses due to several virus diseases. 

Gowen, John W[hitemore], & Price, William C[onway] 

Inaetivation of tobacco-mosaic virus by X-rays. vSeience 84 
(2189) : 536-537, 1936. 

The authors determined the type of curve in these eicperimentB and 
say that: 

^'The type of curve obtained suggests that the absorption of a single 
unit of energy in a virus particle is sufficient to cause inactivation of 
the particle. This same type of curve can be used for the killing of 
many organisms,*' 

The authors give a brief comparison of tobacco mosaic partii^es and 
genes, and say: ''The fact tWt . tobacco-mosaic vims is inactivated 
by radiant energy of the X rays and ultra-violet bands in a manner 
similar to that of genus suggested and alteration in the virus particles 
comparable to that which takes place in genes." 

Grabm*, L. F., & Sprague, V. G. 

Alfalfa yellows. Science 78(2033) : 556. 1933. 

Grainger, .T[ohu] 

An infectious chlorosis of the dock. Proe. Leeds Phil. & Lit. 
Soc. Sd. Sect. 1(8): 360, 1929. 

, & Angoo^ E. 

The insect tra n s miss ion of raspberry mosaic. Proc. Leeds PhiL 
& Lit Soc. Sei. Sect 2(4) : 183-184, 1931. 

Some economic aspects of virus diseases in potatoes. The Natu- 
ralist, p. 151-153. 1933. 
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Low-temperature masking of tobacco mosaic symptoms. Nature 
137(3453): 31-32, 1936. 

The symptoms were masked at 51® and 45 ®F. The optimum tempe- 
rature for the plant growth was about 75®. The moTement of the virus 
was greatest at 75® to 85®F. 

Gram, Ernst. 

Virnsv domme hos kartoffler. Tidsskr. Lauddkon 2(2): 61-81, 
1935. 

Grant, Theodore J., & Hartley, Carl. 

A witches’ broom on black locust and a similar disease on 
honey locust. F.S.D.A. Plant disease Kept. 22(2) : 28-31, 1938. 

The authors give a large number of records and also describe a 

. witches’ broom on honey locust. It lias not been definitdy proven that 

these diseases are due to a virus. Cause not given. Resembles a virus 
disease. 

Gratia, A[ndr4] 

Bacterophage et virus des plantes. (Bacterophage and virus 
of plants.) Bull. Acad. M4d. Beige. 6(15) : 208-225, 1935. 

, & Manil, P. 

Virus des plantes et herSdite. (Plant viruses and heredity.) 
Compt. Rend. Soc. Biol. (Paris) 122(22) : 814-815, 1936. 

The authors give their results of studies and give evidence against 
the hereditary theory of virus perpetuation. 


* 

Perte et recuperation de la propriete “carrier^* de virus X cbez 
le pomme de terre. (Loss and recovery of the property of 
“carrier” of vims X in the potato.) Compt. Eend. Soc. Biol. 
(Paris) 123(27) : 325-326, 1936. 

These studies indicate that seedlings from virus X inoculated with 
the virus were found after two weeks to possess a principle which was 
lost through sexual reproduction. 

* 

Ponrquoi le vims de la mosaique dn tabac et le virus X de la 
pomme de terre ne pressent-ils pas a la descendance par les 
graines ? (Why are the tobacco mosaic and X potato viruses 
not transmitted to the progeny throngh the seed?) Compt, 
Rend. Soc. Biol. (Paris) 123(29) : 509-510, 1936. 

Antisera studies show that the virus does not exist in the pollen and 
that it is attenuated in the floral organs. 

& 

De r ultracentrifugation des plantes. (On the ultracentrifuga- 
tion of plants.) Compt. Bend. Soc. Biol. (Paris) 126(27) : 
423-425, 1937. 
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Ultraeentrifagation et eristallizatiou d’ un melange de virus de 
la mosaique du tabac et de bacteriophage. (Ultracentrifu^- 
tion and crystallization of virus of tobacco mosaic & bacterio- 
phage.) Compt. Bend. Soc. Biol. (Paris) 126(32) : 903-906, 
1937. 

Gray, George W. 

Where life begins: Search among the gene, the virus and the 
enzyme. Harpers’ Magazine 174:279-289, 1937. 

A part of this paper (pages 285-289) is devoted to a popular discus- 
sion of the work of Stanley wth some reference to the work of others. 

Green, D. K 

The virus of spotted wilt in Gloxinias. Gard. Chron. 2(2488) r 
96, 159, 1934. 

Popular. 

Gregory, G. H. 

Water-core in apples. Queensland Agric. Journ. 44(6); 748- 
750, 1985. 

Gulyas, Antal 

Die Fasciation der Tabakblatten iind die Mossikkrankheit. (Sports 
of tobacco leaf and the mosaic disease.) Jahrb. K. und 
Landw. Acad. Debrecen p. 129-136, 1928. 

Die mermorierte Panaschierung der Tabakblatter imd das Mosaik. 
(The marmoreal variegation of tobacco leaf and mosaic.) 
KeisMet. Kozlem., Budapest 31:261-273, 1928. 

A magyar dohanyok virus-betegeegei. (On the virus disease of 
Hungarian tobacco.) Rep, Hung. Agri. Expt. Sta. 39(1-3) : 
1-34, 1936, 

A diseosinou of several well known virus diseases. 

Gutermann, G[arl] £[47^:4] F[rederick] 

The lily project. Month. Bull. Hon. Soc. of New York. 1936: 
3-7, 1937. 

Popular. Some data on mosaic. 

Hansen, Henning P. 

Virussygdomme hos kartoffel. (Virus diseases of potato.) Uges- 
krift for Landmaend. 39(81) : 610-613, 1936. 

Brief popular descriptions of the most common potato diseases. 

Spredningshetingelser for kartofEelens virussydomme i Porhold til 
praktisk Kartoffel-fremavl. Eeprint from Ugeskrift for Land- 
maend 4 p.. 1937. 

The writer aeeoimts for the finding of X, T, and leaf roll rim 
diseases in Beuntark. 
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Studier over kartoffelviroses I (Studies on potato virosis in Den- 
mark.) Saortryk of Tidsskrift for Planteavl 42. Bind Gly- 
dendalske Boghandel Nordisk Forlag 631-681, 1937. 

A discussion of the potato TiTus diseases in Denmark and the virnses 
involved. 


Studier over kartoffel-viroses in Danmark (Studies on potato 
virosis in Denmark). Tid^kr. Planteavl. 43(4) : 631-681, 
1938. 

Hansford, Clifford] G[erald] 

Anual Report of Mycologist 1934. Ept. Dept. Agrie. (Uganda) 
year 1934 (Part II) : 73-88, 1936. 

Mentions three types of rosette of Araehis 'hypogaea. (1) laical 
rosette. (2) mottling of the leaves and (3) yello'ws or a pronoimced 
mosaic. 

Harley, C[arl] P[ierce] 

Water-core of apples. Washington State Hort. Ass. Proe. 1934: 
105-108. 1935. 

Harrington, F[rank] M. 

Tuber inde.K work. Potato Ass. Amer. Proc. 1928, 15 : 332-338, 
1929. 

Harris, B. V. 

Mosaic disease of the x-aspberry in Great Britain. I. Joum. 
Pomol. & Hort. Sei. 11(3) : 237-255, 1933. 

The author ret'ognizes types A, B, and C of mosaic, Devon leaf curl 
and Devon chlorosis. The author reported on susceptibility of varieties 
and other observations. 

Zanthosis- virus of strawberry. Canada Dept. Agric. Canadian 
Plant Disease yiirvey 1930 : 60, 1934. 

& Grubb, N. H. 

Raspberry mosaic disease. East Mailing Res. Sta. Ann. Rpt. 
1934:62-63, 1935. 

Virus diseases of sta.*awberry. Bast Mailing Res. Sta, Ann. 
Rpt. 1934: 63, 1935. 

Growing healthy raspberries; the control of diseases and pests. 
East Mailing Res. Sta. Ann. Rpt. 1935: 232-242, 1936. 

Includes a discussion of mosaic and two nutritional disorders in rela- 
tion to mosaic, leaf -scorch and effect of manuring on mosaic. 
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, & Hildebrand, A. A. 

An invesligation of strawberry virus disease in Ontario. Cana- 
dian Journ. Res. 0 15:252-280, 1937. 

A discussion of experimental studies in Canada. 

Virus diseases in relation to strawberry cultivation in Great 
Britain. A synopsis of recent experiments at East Mailing. 
Report on Mycology and Bacteriology of the year 1936. East 
Mailing Res. Sta. Ann. Rpl. 1936-37:201-211, 1937. 

A review containing historical notes, methods of determination of 
yellow edge and crinkle. Also notes on vectors and control Crinkle is 
transmitted by Capitophorus fmgaefolU Col. which the author believes 
be the same as Myzm fragaefolU Cockll. 

Studies in Strawberry virus diseases. III. Transmission experi- 
ments with crinkle, 1935. Report on Mycology and Bac- 
teriology for the year 1936 East Mailing Res. Sta. Ann. Rpt. 
1936:212-221, 1937. 

The author describes his experiments which lead to the opinion that 
yellow edge and crinkle are distinct diseases. 

, & Hildebrand, A. A. 

An investigation of strawberry virus disease in Ontario. Cana- 
dian Joum. Res. C. (Bot. Sci.) 16(6) : 252-280, 1937. 

Y^ow edge in southeastern England and in southern Ontario may 
be identical. It is not known that either of these diseases is the same 
as the xanthosis of California. Three Ontario varieties are symptomless 
carriers. Varieties of F. ehiloensis which have proved to be symptom- 
less carriers with high resistance may prove to be absolute. F, virgi- 
niana are highly susceptibla Some highly resistant varieties are not 
entirely resistant. 

HEUcrisou, A[rthxir L.] 

The pea mosaic situation in New York State in 1936. U.S.D.A. 
Plant Diesase Rept. 20(16) : 259-260, 1936. 

Varietal susceptibility of lima beans to mosaic. U.S.D.A. Plant 
Disease Rept. 20(18) :291, 1936. 

, & Burkholder W[alter] H[agemeyer] 

Canning bean diseases in New York in 1936. U.S.D.A. Plant 
Disease Rept. 22(8): 290, 1936. 

A report on the prevalence of common bean mosaic and of a new 
dwarfiing disease. 

Hartnng. W. J. 

Evasion of curly leaf disease or “blight’’, Farm Bureau Mon., 
Monterey County 6(3): 13-16, 1924. 

Popular. 
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Hartsell, iJbert 

A study of peach yelloTra and its insect vector. Cont. Boyce 
Thompson Inst. 7:183-207, 1935. • 

The author g^ves a brief history of the disease, its distribation, symp- 
toim and studies on insect transmission. Macropsis tuma&ulata is the 
only insect known to transmit this virus Forty seven other insects were 
tested. 

Incubation period of peach yellows in its insect vector. Contr. 
Boyce Thomp. Inst. 8(2) : 113-120, 1936. 

The incubation period ranged from 10 to 26 days. All experiments 
were made with nymphs except in one case in which adults were used. 
In the case of the adult the time was 16 days. 

Movement of intraoellnlar bodies associated with peach yellows. 
Contr. Boyce Thomp. Inst. 8(5) : 375-388, 1937. 

The author reports the movement of these bodies by means of cine- 
photomicrography. Bodies similar in appearance were found in the 
salivary glands of living Macropsis trmaoulata which had feed on 
yellows trees for one to three we^. Bodies were not found in insects 
fed on healthy trees. There appears to be a parallel relation^p in 
aster yellows and the insect vectors. There is a much greater cdlulax 
disturbance in diseased plants and insects than in corresponding tissues 
from healthy plants and insects. Movement was also observed in 
infected tissues that were crushed on a microscope slide. This does not 
appear to be a Brownian movement. 

Bionomics of the plum and peach leafhopper, Macropsis trima- 
culaia, Contr. Boyce Thomp. Inst. 9(2) : 121-136, 1937. 

A careful study of this insect which is the vector of peach yellows. 

Movement of intracellular bodies associated with peach yellows. 
Phytopathology (Abstract) 27(2): 130, 1937. 

Harvey, E[oney] B[eech^] 

Blanching celery. Minnesota Agrie. Expt. Sta. Bull. 222, 20 
p., 1925. 

The author gives the results of diseased celery plants when blanched. 
He states. ''It is indicated that the blanching of some varieties is 
hastened by the infection of the plants by mosaic disease. Chlorotic 
varieties are more easily blanched than dark leafed plants.’’ 

Heberdey, Endolf E. 

Entomological investigations on the spike disease of sandal 
(anthicidae.) Indian Forest Rec. 20(6): 1-24, 1934. 

A study of the insect fauna of the sandal. 



316 THE J0T7BNAL OB' AGEMOtnUTUBE OF THE UNIVEBSmr OF P. E. 


Hderle, E. 

Untersuehungeu einers unter dem famen Eosts in der Seh'weiz 
stark verbredteten TabakkranMieit. Ber. Scbweiz Bot. Qes. 
47:363-368. 

The name is used for wildfire, angular leaf spot and vima 

diseases. 


Heinicke^ A. J. 

Seed content and position of fruit as influencing stippen. Proc. 
Amer. Soc. Hort. Sci. 1920; 17:225-232, 1921. 

Heinze, E. 

Zur frage der uebertragung der Kartoffelvirosen duch jassiden. 
Phytopath. Zeitsehr. 10(6): 606, 1937. 

Herve, J. 

All subjet de la panachurc de nos Hibiscus et de la panadwire 
infeetieuse des malvaeees. Considerations pratique sur la cul- 
ture des Hibiscus. (Variegation of our Hibiscus and infec- 
tions variegation of Ihe Malvaceae, Practical considerations 
on the culture of Hibiscus.) Bull. Agrie. Port, de France. 
n.s. 5(2): 137-141, 1936. 

Eerzberg^ K. 

Piltrierbares Vims als Krankheits erreger bei. Menseh Tier, 
und Pflanze. Cbemiker Zeitsg. 60:824, 1936. 

Hewitt, J. Lee, & Truax, H. E. 

An unknovni apple disease. Arkansas Agrie. Expt. Sta. BulL 
112:481-491, 1912. 

To vizualize a distinction between viruses and organisms. Phyto- 
pathology (Abstract) 26:892, 1935. 

Hill, A. V. 

Yellow dwarf of tobacco in Australia. I. Symptoms. Journ. 
Coiinc. Sci. & Ind. Res. Australia 10(3) : 228-230, 1937. 

A description of a disease which appears to be caused by a virus. 


t Big bud of tobacco. Journ, Counc. Sci. & Ind. Res. Aus- 
tralia 10(4; : 309-312, 1937. 

A description of tills disease. 

Hirayama, Shigekatsu, & Yuasa, A. 

( C3-i:ological study of tobacco mosaic, II.) Ann. Phytopath. Soc* 
(Japan) 6(2) : 119-128, 1936. 

This is a continuation of a previous paper on this same sobjeet. 
There were no irregularities in ihe reduction division and tim tetrads 
were normal. Diseased plants 88.91 per cent apparently normal poUen 
grains, while healthy produced 83.34 per cent. The degeneration appeam 
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to develop after tetrad formation. A liigli percentage of seed crosses 
between diseased and healthy plants failed to germinate. Inoculation 
with boiled juice from diseased plants does not cause X bodies. Healthy 
plants placed in 0.05 per cent of ammonium molybdate wilted in 3 days 
and produced bodies resembling X-bodies. 

(On the germination of pollen obtained from mosaic tobacco 
plants.) Proc. Imp. Acad. Tokyo, 12(7) : 203-204, 1936. 

This work was suggested by Hostoff^s reports. The author tested 
a large number of pollen grains. Sterile pollen was found in both 
healthy and diseased plants. Comparing the degree of the germination 
of apparently normal pollen between healthy and diseased plants, the 
average percentage of the germinated pollen is rather higher in the 
diseased plants than in the healthy ones. The writer observed the X 
or inclusion bodies in the pollen of the diseased plants. 

& Viiasa, A. 

(Cytological study of tobaec'o mosaic, I.) Ana. Phytopatii. Soe. 
(Japan) 5(3) : 197-205, 1936. 

The study was made on Nicotiana tobacum var. Hatano. The authors 
found X-bodies in all leaf tissues, in stems with hairs, in roots except 
in root haii‘S, root caps and calyptrogens and in the various parts of 
the flowers. However, they were rare in microsporogenous eelte, pollen 
mother cells, pollen and pollen tubes. Striated materials, raphids, 
crystalline plates and amorphous bodies were found in aJl tissues contain 
X-bodies, The X-bodies and all other types of bodies appear to be 
derived from the cytoplasm. 


& 

Occurrence of inclusion bodies in the guard cells of the stomata 
of mosaic-tobacco plants. Ann. Phj^topath. Soc. (Japan) 6(4) : 
305-306, 1937. 

The authors report the flnding of inclusion bodies in guard cells of 
stomata. These results are contradictory to the results obtained by 
Sheffield. 

Ho, William T. H., & Li, L. Y. 

Preliminary notes on the .virus diseases of some economic plants 
in Kwangting province. Lingiian Sei. Journ. 15(1) : 67-78, 
1936. 

A report on virus diseases of Capsicum sp., Carica papaya, Crotalaria 
saUiana, Ficus carica, I/ycopersicon esculeutum, Moms alba, Nicotiana 
tabacwm, Fhaseolits mUgaris, Solanum melongena, S. tuberosum. Sac- 
charum offidnarum and Zea mays (sweet). 

Hoggan, Isme A[ldyth], & Johnson, James. 

Behavior of the ordinary tobacco mosaic in the soil. Joum. 
Agric. Res. 52(4) : 271-294, 1936. 

The authors made greenhouse and laboratory experiments with 
tobacco virus No. 1. The virus leached readily from decaying plants 
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into tlie soil. The degree of water saturation of the soil above a low 
Tni-niTnnm^ and the range of hydrogen-ion concentration occuring natur-> 
ally in soils, did not appear to affect the inactivation of the virus. 
Aeration evidently inactivated both directly and through its influence on 
microbial activity, but it separated relatively slowly. ‘'Soil temper- 
atures between 5° and 30 °C. did appreciably affect the rate of inao* 
tivation of virus extract in the soil. At 40 ®C., inactivation was definitely 
greater. Freezing the soil, however, caused rapid inactivation of virus 
extract in the soil .... Neither freezing not desiccation caused any 
appreciable Inactivation of virus present in undecayed plant tissues in 
moist soil.’^ 

Holmes. Francis 0[liyer] 

Comparison of derivatives from distinct strains of tobacco-mosaic 
virus. Phytopathology 26(9) : 896-904, 1936. 

The author worked with two strains, masked and distorting. Other 
derivatives were derived from these strains. A symptomless strain may 
give rise to derivatives causing severe symptoms. A symptomless 
strain may be introduced into a country and then give rise to severe 
derivatives. The author gives suggestions for detection of symptomless 
strains. 


Interspecific transfer of a gene governing type of response to 
tobacco-mosaic infection. Phytopathology 26(10) ; 1007-1014^ 
1936. 

The author gives the following sommaiy: 

''A neerotie type of zesponse to infectioa with tobacco-mosaic virus 
was introduced into the species NicoUana panicviata* This was ac- 
complished by the transferring a dominant gene N(necrosiB) from JV. 
rvstica, through repeated back crosses of the hybrid AT. panieulata X 
N. rustica using JV. paniculata pollen, but retaining in each generation 
only individuals responding to inocculation by production of necrotic 
lesions. The necrotic-type variety of N, panimlata thus produced was 
self fertile and, in appearance, resembled the ordinary mottling-type 
N, paTucutata. In its response to infection, however, it was essentially 
like N, rustica^ dying from systemic necrosis if infected when young, 
localizing virus if infected when old.” 

”A dominant gene D (unmodified necrosis), not found in Niootiana 
Tvstica, was observed in the newly derived necrotie-lype JV, poniouZato 
plants. It was found to segregate independently with respect to the 
gene N. (necrosis). In the presence of N, the gene D allowed necrotic 
primary lesions to appear promptly, and prevented extensive yellowing 
of surrounding tissue.” 


Hereditary factory affecting tobaceo-moRaie disease in solanaeeons 
plants. Phytopathology (Abstract) 27(2) : 131, 1937. 



BIBLIOGRAPHY OP \TRUS DISEASES OP PLANTS 


319 


Genes affecting response of Ntvofiana tabacum hybrids to tobacco- 
mosaic virns. Science 85(2195) : 104-105, 1937. 

The author gives the results of his studies ou hybridization. The 
author believes that the virus would be unable to survive in plants con- 
taining certain genes and that it might disappear or be reduced by 
the elimination of the reservoir in the host plant. 

Inheritance of resistance to tobacco-mosaic disease in the pepper. 
Phji:opathology 27(5) : 637-642, 1937. 

The author reports four types of the disease produced by infection 
of Capsioim frutescens with tobacco mosaic virus I (distorting strain) 
and that they are controlled by three genes. 

Taxonomic relationships of plants susceptible to infection by 
tobacco-mosaic virns. Phytopathology 28(1) : 58-66, 1938. 

This is a paper on plants susceptible to tobacco virus I. A total of 
46 species in 30 genera and 16 families were found susceptible. 

Strains of tobacco resistant to tobacco mosaic. Phytopathology 
(Abstract) 28(3): 9, 1938. 


Inheritance of resistance to tobacco-mosaic disease in BrowaHMa, 
Phytopathology 28(5) : 363-369, 1938. 

When identical plants of BrowdUia speciosa var. major were inoculated 
some of them developed systematic and some local symptoms. The 
necrotic-type plants were found to possess a dominant gene N. 

Honing, J. A. 

Een steriele dwergvorm van Deli-tabak, onlstaan als bastaard. 
A sterile dwarf form of Deli-tobacco originated as a hybrid. 
Deli Proefs., Medan, Sumatra. Bull. 10, 24 p., 1917. 

In the results obtained in his studies he made observations in rela- 
tion to '^kroepoek” disease relating them to the work of others. 

Hope, G[laade Eiiig], 0[lialiners] J[ackson], & ’Parker 0[r]an] 
The effect of crazy top disorder on cotton plants and its control 
by irrigation management. tT. S. Dept. Agric. Tech. BuU. 
516, 44 p., 1936. 

A history, description and oth^r data on this disease. A discussioin 
of its economic importance and reaction to water supply. 

Hopkins, J. G. F. 

Seasonal notes on tobacco disease. 2. Mosaic. Rhodesia Agric. 
Journ. 28(12) ; 1095-1100, 1981. 
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Seasonal notes on tobacco diseases. 7-9. Rhodesia .A^ric. Joum. 
32(2) : 108-113, 1935. 

Part 7 refers to mosaic. 

Horning, G. 

Vergleiehende Untersuehnng verschiedener Methoden zur bestim- 
mui^ des Abbau-grades bei PflanzkartofEeln. (Comparative 
study of various methods for the determination of the degree 
of degeneration of potato seed tubers.) Pflanzenbau 13(6) : 
209-234, 1936. 

A report of comparative tests of the infectloiL seed tubers of potatoes 
infected with virus diseases. A very low correlatian was established. 

Horsfall, J[am.es G.] 

A study of meadow-crop diseases in New York. Cornell Univ. 
Memoir 130, 1930. 

Contains some data on red clover mosaic. 

, & Burkholder, W[altmr] H[agemeyer], & BeinMng, 

Otto A[ngast] 

Diseases of green refugees beans in New York in 1937. U.S.DA.. 
Plant Disease Rept. 21(17) ; 318-319, 1937. 

A short paper devoted almost entirely to mosaic of Phaseolm vulgaris 
(green refugee). The typ®s produced by Pierce and Walkw and the 
Idaho refugee were practically immune to ordinary mosaic. A new 
disease designated as ^^one sided mosaic was reported. This had 
been mentioned in 1936 by both Harrison and Burkholder. The authors 
give a description of the disease. 

Hudson A. W., & Woodcock, J. W. 

Locality in relation to seed potato production. Experiments on 
the effect of place of grovting on yield and incidence of virus 
in potatoes. New Zealand Journ. Agric. 60(2) : 98-106, 1935. 

Very comprehensive discussion of the results of their tests and ob- 
servations. 

Hurt, B. E. 

The phony peach and other peach diseases in Virginia. Virginia 
State Hort. Soc. Ept. 38 : 64, 69, 1933. 

Hurst, B. B. 

Resistance studies of Irish cobbler and Green mountain strains 
for late blight and virus diseases. Canada, Progress Rpt., 
Dominion Botanist, 1931-34 : 69-70, 1935. 

Hus, P. 

Stippigheid. De Nieuwe Veldbode 3(9) : 7-9, 1935. 
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Hotcliiiis, L[ee] M[ilo] 

Phony peach, a new and dangerous peach disease. Proe. Slary- 
land State Hort. Soc. 34: ^-51, 1932. 


Peach mosaic. A new vims disease. Science 76:123, 1932. 
A description of a new diseases. 


The peach mosaic disease. California Dept. Agric. Selec. Pub. 
No. 145:60-61, 1937. . 

& Bodine, E. W., & Thomberry, H. H. 

Peach mosaic, its identification and control. TJ.S.D.A. Circ. 427, 
48 p., 1937. 

A very exe^ent publication wbieh. gives a very thorough discussion 
of our knowledge of this disease up to this tune. It is well illustrated. 

Hutehinson, C. B. 

Mottle leaf of citrus : Other diseases of citrus. California Agric. 
Expt Sta. Rpt. 1932-^4:59, 1934. 

Mention of scaly bark or peorosis. 

Imle, E. P., & Samson B[aybum] W[alter] 

Studies on a ring-spot type of Tirus of tomato. Phytopathology 
(Abstract) 27(2): 132, 1937. 

Ingram, J. W., & Summers, E. M. 

Insects that carry mosak* disease of sugar cane. Sugar Bulletin 
16(6): 4-7, 1937. 

The author refers to the three known carriers of this virus. Aphis 
maidis, Systeroneura setariae and Toxoptera gramimm. Also to other 
insects that may be carriers. Although R, setariae is not as efficient 
as A. maidiSj it occurs in much greater numbers. The paper also refers 
to host plants and states that in studying insect transmission of mosaic 
it was considered that the amount of spread caused by insects is in pro- 
portion to the number of carriers present, and to the kind and number 
of alternate host plants in and around the field.’' 

IvaniG, M. 

Is^itivanja etiologije nolesti mozaika u nekih fauerogamih biljaka 
(Untersuchungen iiber die altiologi der mosaik-krankheiten bei 
einighen phaneorogamen pflanzeu.) Archiv. Monst. Poljopr. 
Smotra Maueh. Poljopr. Bad. (Yugoslavia) 1(1) : 107-133, 
1934. 

Jacob, J. 

TiiEp notes; suggestions about rectifications and arrangment. 
Garden (London) 82:304, 1918. 

Jafand^ H. 

'Wnchsstoffauntersuehungen au Abbaukrankken Eartoffehi. 
(Auxin investigations on degenerate potatoes.) Phytopath. 
Zeits. 109(1) : 113-117, 1937. 
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Jamalainen, E. A. 

Hemeen sementen sisainen turmeltuminen. (Internal necros^ 
of pea seeds.) Valtion Maatalonskoeto iminnan Jnlkaisiga 
No. 79. (Agric. Expt. Sta. Activities of Finland No. 79.) 

This disease is not due to bacteria or fungi. It shows some s^p- 
toms of a virus. 

Boorin vaikutus knoppatandin ssiintyinisseen omenissa. (The- 
effect of boron on the occurrence of the cork disease in apples.) 
Valtion llaatalonskoeto iminnan Julkaisnja No. 89, (Agric. 
Expt. Sta. BuU. 89 of Finland.) 

We have included this paper because some workers believe this disease 
is due to a virus. Most of the trees treated with boron were free from 
the disease. 

Janson, A. 

Stippe der Kernobstfriiche. Gardenflora 78 : 241-242, 1929. 

Jensen, Janies H[erbert] 

Studies on representative strains of tobacco-mosaic vims. Phy- 
topathology 27(1) : 69-83, 1937. 

The author reports 55 strains of tobacco mosaic vims and describes 
12 of them. They vary greatly in severity. Some of the strains were 
tested for reactions to heat and withstood a temperature of 80®0 for 
10 minutes. 

Johnson E[dward] M[arshall] & Valleau W[illiain] D[omay] 

Susceptibility of tobacco plants visibly affected with mild tobacco 
mosaic to other strains of the virus. Kentucky Agric. Expt. 
Sta. Res. Bull. 360: 192-201, 1935. * 

The authors give the results of a series of experiments and say, — 
''The tests seem to prove that if a tobacco leaf inoculated with a 
second strain of a virus is unoccupied or partly occupied by the first 
strain, so that the second may multiply, the second vims will eventually 
be transported to the grovring point where it will have an opportunity 
for multiplication equal to that of the first strain. The gi*owing point 
of a tobacco plant appears to be entirely unprotected by one strain 
of a tobacco mosaic vims against another strain if the latter lias suf- 
ficient uninvaded tissue in which to multiply and from which it may be 
transported to the growing point. Protection is afforded individual 
groups of cells, perhaps, but the plant as a whole does not develop 
imiDimity.” 


The rii^ symptoms of the virus diseases of plants. TTAutnehy 
Agric. Expt. Stat. Ees. Bull 361 : 239-263, 1935. 

The extensive studies recorded in the paper are summarized as f<A- 
lows: 
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‘‘Chlorotic or necrotic rings may be present as the only d?^nite 
i^mptom or as an accompanying symptom in plants affected with various 
virus diseases. Rings may be present as local symptoms on inoculated 
leaves or as transitory or permanent symptoms in un<inoeuIated, com- 
pletely or partially invaded tissue.'* 

* ‘ The following tobacco viruses capable of producing rings in tobacco 
are discussed: Ring tobacco mosaic (2 strains)^ yellow and white 
mosaic, cucumber mosaics, etch viruses, viruses from Delphmhm sp. 
Plant ago major, and Mertenda virginica (possibly cucumber mosaic), 
and two unidentified." 

‘‘It is suggested that the rmg symptom is not diagnostic for any 
specific virus disease because similar rings may occur in plants, especially 
tobacco, affected with such unlike viruses as tobacco ring spot, healthy 
potato, etch, tobacco mosaics, cucumber mosaics, and others. Usually 
other symptoms accompany tlie rings, which make classification possible, 
but sometim#T3 property and host-range studies may be necessary for 
moie exact classification." 


Mosaic from tobacco one to lifty-two years old. Kentucky Agrie. 
Expt. Sta. Ees. Bull. 361 : 264-271, 1935. 

The authors summarize this paper as follows, — 

‘ ‘ Turkish tobacco plants never touched by hands were inoculated with 
decoctions made from dried tobacco material 1 to 52 years old. Forty- 
one ground samples 24 to 39 years old were used to inoculate 241 tobacco 
plants of wkich 43 plants, representing 17 samples, developed mosaic. 
At least 5 different strains of mosaic, recognizable by different degrees 
of severity of symptoms, were produced from the Chemistry Uepaitment 
samples. ' ' 

"Seventy-six samples, 1 to 15 years old, known to contain musaic 
when collected, were used as inoculum for 84 tobacco plants of which 79 
developed mosaic. There was no evident loss in infectivity of the 
mosaic virus in dried tobacco 7 years old. After 8 years there seemed 
to be gradual decrease in the concentration of the virus. At least 12 
strains of the mosaic virus were tested and all survived in dried 
tobacco. ' ' 

"Dried leaves from tobacco grown in 1882, the yetvr Adolf Mayer 
published the first description of tobacco mosaic, were tested far tobacco 
mosaic virus. Of 30 plants inoceulated with tliis mayteriais, 18 developed 
mosaic. Two strains, a ydlow, and a green distoiting type, appeared." 

Jobnson, F[olke], & Jones, L[eon] E[ilb7] 

Two mosaic diseases of pears in Washington. Jonm. Agrie. Res. 
64(8) : 629-638, 1937. 

The authors report two -rirus diseases; (1) enatiou mosaic ami (2) 
severe mosaic. They are rarely transmitted in the seed. The latter has 
a wide range of hosts and the former a much more limited range. The 
viruses are quite different. 
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Jolinson, H[oward] W., & Lefebyre, C. L. 

Orotalaria mosaic. Phytopathology (Abstract) 28(1) : 10, 1938. 

Johnson, James, & Hoggan, Isme A[ldyth] 

The inactivation of the ordinary tobacco-mosaic virus by micro- 
organisms. Phyiopathology 27(10) : 1014-1027, 1937. 

Tobacco virus I is inactivated or occasionally attenuated by a number 
of baetma and fungi. The fungi are more effective than the bacteria. 


An acquired immunity to the tobacco streak disease. Trans. 

Wisconsin Acad. Sci. 30:27-34, 1937. 

Plants that are naturally infected show signs of recovery. Eight-hun- 
dred plants inoculated in the green house have shown similar character; 
130 of these plants were inoculated a second time hut did not develop the 
diseases. Six other viruses did not yield any significant piotection 
against the streak virus. The streak virus did not give protection 
against these six viruses. 


Factors relating to the control of ordinary tobacco mosaic. Jonrn. 

Agrie. Res. 54(4) : 239-273, 1937. 

The author used tobacco virus I. The virus survives in fairly high 
concentration in cigar and cigarrei:es but very slight in other commercial 
tobaccos. Virus in refuse may be inactivated under weather conditions 
in 5 or 6 montlis. It will survive in roots of the proceeding crop. 

Jones, L[eoii] ECilby] 

The mosaic disease of beets. Washington Agric. Expt. Sta. Bull. 

250, 16 p., 1931. 

, & Vincent, C[hester] L[eon] 

The suseepiibility of potatoes to the vein-banding virus. Joum. 

Agrie. Res. 55(1) : 69-79, 1937. 

This virus spreads rapidly. Crosses show that katahdin was the only 
variety which transmitted resistance to seedlings. Some varieties were 
more resistant than others. Some varieties earrjing a latent virus showed 
sj-mptoms of rugose mosaic when infected with vein-banding vims. 


Crinkle auvl mosaic of Gerauium. Phytopathology (Abstract) 
28(1): 11. 1938. 

, & Btirk, Earl F. 

The resistance of Katahdin potato seedling to infection by the 
veinbaiiding virus and the tobacco mosaic virus. Phytopatho- 
logy (Abstract) 28(1) : 11, 1938. 
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Eadow, E[eiuieth] J[o]ui,] & Andersoi^ H[arry] W[axreii] 

Brittle root of horse-radish in Illinois. U.S.D.A. Plant Disease 
Kept. 22(18) : 288, 1936. 

This disease has been kaown for several years. It is identical vrith 
curly top of beet on horae radish as described by Severin. The leaf- 
hopper (Mvctettva tenelVus) has not been reported from Illinois but other 
leaf hoppers are abundant. 

Eaho, E. 

Das Verhatten der Eiweisstofle gesunder und abhaukranker Kar- 
toffelknollen gegen Salze. Aeta Comment. Univ. Tactuensis 
A29:l-32, 1935. 

Eammis, A. T. 

(Neueste methoden zur laboratoriellen Besthumnng des Abbanes 
der KartofEel an den KhoUe.) Trudy Prikl. Bot. Pr. Ser. A. 
9:63-76, 1934. 

& AniMeff. A. M 

(Investigation of d^eneration in the potato by Bechhold and 
Erbe’s method.) Bull. Appl. Bot. Select, 1937. Ser. 2(11) : 
201-214, 1937. 

Besults of year’s tests using B. & £. copper strip method. The method 
is not altogether accurate. 

Eatsura, Saburo 

The stunt disease of Japanese rice, the first plant virosis shoTm 
to be transmitted by an insect vector. Phytopathology 26(9) : 
887-895, 1936. 

A very complete history of the studies by several Japanese plant 
pathologists. 

Eanfmann, 0. 

Eine gefahrliche Yiruskrankheit an Biibsen, raps und Eohlrubeu. 
(A dangerous virus disease of rape, colza and kohlrabi.) Axb. 
Biol. Iteichsanst. Land-u-Forstw. (Berlin) 21(4) : 605-623, 
1936. 

A descriptive of this disease which is transmitted by Lggvg pratensis. 

Eausche, Q. A. 

Zur Frage der Beziehungeu zwischen Yirusinfekt und StofEweeh- 
selphysiologie bei pfianzenlicheu Yirosen. (A contribution to 
the question of the relationship between Virus infection and 
metabolic physiology in plant viroses.) Biochem. Zeitschr. 294 
(5-6): 365-371, 1937. 

Eawamura, T. 

(The mosaic disease of lily and the effect of deficiencies of potas- 
sium on the same host.) Joum. Plant Prot. 22: 713-718, 771- 
779, 848-855, 1935. 

The author describes three ^fpes of vims diseases, — (a) crooked ne^ 
(b) rosette and (o) pimple leaf. 
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So-called virus diseases of lily in relation to hosts. Ann. Phyto. 
Soc. Japan 7(3 & 4) : 163-172, 1937. 

The author describes three types of virus diseases, — (a) crooked XLeek, 
(h) rosette and (c) pimple leaf. 

Khudyne, I. P. 

(Virus diseases ot‘ tobaeco in U.S.S.R.) The A. I, Mikoyan Pan- 
Soviet Sci. Insl. Tob. and Indian Tob. Ind. V.I.T.I.M.). 
Krasnodar. Publ. 130, 79 pp., 1936. 

A review of tobacco virus diseases. 


Kidd, F. 

The bitter-pit problem. Low Temperature Res. Sta. (Unpub- 
lished Memoir) Cambridge, 1934. 

Klapp, E. 

Kartoffelabbau und Viruskrankheiten. (Potato degeneration 
and virus diseases.) Mitt. f. d. Landwirtsch. 49:523, 1934. 

, et al. 

Okologie und “Abbau’’ der Kartoffel. Beziehungen zwischen 
Ertragshohe. Nachbaustufen, Ea^ankheitsbefall und praktis- 
ehem Pflanzewert. Pflanzenbau 11(6) : 383-395, 1935. 

Abbau und Abbaiibekamfung im Pflanzkartoflielbau. (Degenera- 
tion and degeneration control in seed potato cuMvation.) 
Mitt. Landw., (Berlin) 61(32) : 692-694, 1936. 

A discussion and recommendations. 

Kartoffeiabbau. (Running out “of potatoes”) Forschungsdienst 
1(1): 33-88, 1936. 

A review of the bubjeet with 38 references to literature. 

Vordringliche Eorschungsziele bei der Bekamfnng des Kartof- 
felabbaus. (Urgent aims of research in the control of potato 
degeneration.) Forschungsdienst 3(1): 10-11, 1937. 

The author suggests liues of research. 

Klebahn, H[enrich] 

Vei-suche iiber das Wesen der Mosaikkrankheit des Tabaks und 
iiber einige andere Viruskrankheiten. (Experiments on the 
nature of the mosaic disease of tobacco and on some other 
vims diseases.) Phytopath. Zeitschr, 9(4) : 357-370, 1936. 

I. Bas virus des tabakmosaiks bei gegenwart starker gifte wirksam. 
n. Zur tiber-tragbarkeit der abutilon-chlorose. UT . Weitere versuehe 
uber infektion der anemonen mit alloiophyllis. IV. Eine mosaikkxank- 
heit der gurken. The virus was not destroyed by certain chemicals 
that destroyed bacteria. Therefore, the author believes that the virus 
is inanimate. 
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Elemm, M. J. 

(Die Bisenfleekif?keit der KartofPeln.) Ostpr. Landw.-Zeitg. 12 
(7) : 3-5. 1935. 

Klmnp, W. 

Methodisehe (^utersuclimigen zur Peststellimsr ties abbaugrades 
der Kartoffel. Diss. Bonn. 40 p., 1935. 

Eobus, Jracob] D[erk] 

Meded van Let Proefstation voor de Java Snlkerindusti'ie 12 : 320 - 
840. 1907. 

Reduction of yield of sup>ar cane and sngur content by mosaic. 


Vergelykende proeven omtrent gelestrepenziekte. Meded van bet 
Proefstation voor de Java-Siiikerindnstrie 12:319-342, 1908. 

Eoch, 6[ustav] 

Zur Fracjfe der [Trsaebe des Kartoffelahbaiies. D. Kartoffelbau 
20:37-38, 1936. 

Eohler, E[rich] 

Der virusnadweis und kartofleln. Biol. Eeiclis. Landw.-u. Porstw. 
53. 1933. 


Kartoffelabban und Viniskrankheiten. (Potato degeneration and 
virus diseases.) Mitt. f. Landw. 12, 1934. 


Viruskrankheiten der Kartoffel. (Virus diseases of potato.) 
Phytopatli. Zeitsehr, 7 : 1-131, 1934. 


Der Nacliweis von Virusinfektionen am KartofEelpflanzgut mit 
der Steeklingsprobe. (The detection of virus infections in 
seed potatoes by testing the sprouted eyes.) Ziichter 7(3) : 
62-65, 1935. 


Erfahr: ngen veim feldmassigen Abbau von kiinstlieh blattrol- 
linfi'?ierten, Kartoffeln (Sorte Kl. — sp. Wohltmann). (Under- 
suchuger iiber die Viruskrankreien der Kartoflfel. V. Mittei- 
lung.) (Experimental obsci*vations on the degeneration under 
field conditions of potatoes (Kl. — Sp. Wohltmann variety) 
artificially infected by leaf roll. (Investigations on the virus 
diseases of potato.. Note V.) Arb. Biol, ^^iehsanst. Landu-u. 
Porstw. (Berlin) 21(4) : 517-529, 1935. 


Der Virusnachweis an Kartoffeln. Bine Anleiiung fur Ziichter 
und Kartoffelbegutachter. (The detection of virus in potatoes. 
A manual for breeders and potato surveyers.) Mitt. Biol. 
Anst. (Eeichsanst.) Berlin 53, 9 pp., 1936. 

The eharaeter of this paper is indicated by the title. 
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Studien fiber den Verlatif des Kartoffelabbaus anf dem Dahlemer 
Versiiclisfeld der Biologischen Reicbsanstalt. (Studies on the 
course of potato degenaralion on the Dahlem experimental 
plot of the National Biological Institute.) Landw. Jahrbiieh 
83:589-868, 1936. 

Untersuchungen fiber de Lupinenbraune. Nachrichtenbl. Deutsch. 
Pflanzensehutzd. 15(2) : 90-91, 1937. 

Account of virus disease on Lupin. 

Neueve Vorstellungen von der Natur des pflanzenpathogenen 
Virus. Sammelreferat. (Recent conceptions of the nature of 
the plant-pathogenic vims. A sjunposium.) Zeitsehr. Bot. 
81(12) : 559-571, 1937. 


Weitere TJntersuhcungen fiber das Virus der Lupinenbraune. 
(Purthti* studies on the Lupin bromiing virus.) Z. Pflan. 
Krankl. 97(2): 87-97, 1937. 

This viius is the same as Ainsworth's yellow mottle mosaic of cucum- 
ber, Johnson's cucumber virus I, and spinach virus. It becomes at- 
tenuated in tobacco but can be revived in cucumber. 


Versuche fiber Pfropfuii" and Akronekrose bei Karioffeln. Vor- 
laufige Mitteilung. (Experiments on grafting and acrone- 
crosis ill potatoes. Preliminai^" note.) Angew Bot., 19(2) : 
158-160, 1937. 

The author grafted virus free scions on potatoes carrying virus X 
and obtained mild symptoms of the same disorder. 


Znr Prage derscbutzimpfung bei den Veinbanding-viren. (Vor- 
laufige Mitteilung.) (On the question of protective inocula- 
tion in tbe vciiibanding viruses. tPreliininary notes.) Nach- 
riehten. Bl. Dent. Pflausehnlzd. 17^4): 32-33, 1937. 


Die Viruskrankheiteu der KartofEel. (The virus diseases of 
potato.) Kartoffel-Zeimng 27(21): 2-5, 1937. 


Die Resistenzzuehtung gegen den Kartoffelabbau im Liehte der 
Virusforsehnng. (Breeding for resistance to potato degenera- 
tion in the light uf virns research.) Zuchter, 9(1): 13-15, 
1937. 

A study of the piaetical features of the problem. 


Portgeffihrte Untersuchungen mit verschiedenen Stammen des 
X-Virus der Kartoffel (Ringmosaikvirus) (Continued investi- 
gations on various strains of the X virus of the potato ring 
mosaic virus.) Phjdopath. Zietschr. 10(1): 31-41, 1937. 

A stud3 of strains which the author places in two groups. 
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Ueber ein ‘‘Yeinbanding-virus” der KartofiEel. (On a veinband- 
ing vims of potato). Phytopath. Zeitschr. 10(1) : 17-29, 1937. 

Ueber eine ausserst labile Linie des X-Mosaikvirus der Kartoffel. 
(On an extremely unstable strain of the X-mosaic vims of 
the potato.) Ph^^topath. Zeitsehr. 10(5) : 467-479, 1937. 

Virnskrankheiten nnd Kartoflfel-ziichtung. Porsch-ungsdienst. 
6(7): 334-338, 1938. 

EoMn, A. 1. 

(Physiological investigation of tobacco plants infected by the 
common mosaic vims.) Summary Seient. Res. Work Inst. 
Plant Prot. 1935, Leningrad p. 511, 1936. 

Piziologischeskoe izucheiiie vredonosnosti obykiiovennoi mosaiki 
tobaka Dnbeck Nikitskli No. 44. (Physiological study of the 
injurioiisness of common mosaic disease of tobacco Dnbeck 
Nikitsky No. 44.) Zashch. East. (Plant Prot. Leningrad. 12: 
9&-112, 1937. 

Transpiration is reduced, assimilation is diminished and the soluble 
carbohydrate lover in diseased than m healthy plants. The protein 
nitrogen, proteid and nicotine higher in the diseased than in the healthy 
plants. 

Eoltermann, Alwin 

Die Keimung der Kartoffelknoll uud ibr beiinflusung durch 
Krankheite. Angew Bot. 9 : 289-339, 1927. 

Eostoff. D[ontcho] 

Something about sterility of pollen from mosaic tobacco plants, 
Genetica 16:103-114, 1933. 

Virus and genic reactions in morphogenetic physiogenetic, and 
phylogenetic aspects. Phytopath. Zeitsch. 9(4) : 387-405, 1936, 

A very interesting paper in which it is shown that certain pheno- 
mena, such as variegations may follow either '^genes or viruses. 

Cjdogenetic aspects for producing Xicotmta tahacum forms lo- 
calizing tobacco mosaic virus. Phytopath. Zeilsehr. 10(6): 
578-593, 1937. 

The author studied 45 species of Nieotiana and many crosses. He 
states that the problem is complicated by the absence of immune va- 
rieties. Environment is an important factor in development of symp- 
toms. 

Eotte, W., 

Die Faru-oder Padeublattrigkeit der Tomate. (Fern or thread 
leaf of the tomato.) Z. Mkrankh. 67(2): 65-72, 1937. 

This disease appeared in the Baden nurseries in plants grown from 
English seed. In some eases fruit production was completely Inhibited. 
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Kramer, M. 

As doeiicas de virus das plantas. (Virus diseases of planls.) 
O Biologjco (Brazil) 3(2): 51-54, 1937. 

Brief popular descriptive notes of the work of other investigations* 

0 reeouliceimeuto das doencas de virus das plantas. (How to 
recognize raus diseases of plants.) 0 Biologico 3(11): 331- 
336, 1937. 

Popular statement giving the most conspicuous symptoms of virus 
diseases. 


Erickner, Emil 0[tto Oscar von] 

Di? Blatrollkpankheil der Kanoffeln, (Leaf-roll disease of po- 
tatoes.) Deutseh Landw. Presse 46(4) 1918. (Zeit. Pflanzenk 
29:54, 1919.) 

Review of O. AppeUs paper. 

Erishnaswami, G. 8. 

Studies in disease resistance in crop plants in the lladras Presi- 
dency. II. Estimation of disease resistance in sugar cane 
mosaic. Proc. Indian Acad, of Science 6(6) ; 481-490, 1936. 

The author summarizes his results as follows: '^It is seen that (1) 
great differences in susceptibility to mosaic are exhibited in the va- 
rieties of sugar cane, (2) that most commercial varieties are suscepti- 
ble to this disease, (3) that some highly susceptible varieties are tole- 
rant to the disease, (4) that a few immune varieties ^dst and could 
be made use of as parents, (5) that certain varieties which escape 
infection under one set of conditions may take the disease under other 
conditions, and (6) that though the disease is ^stemic in eertain va- 
rieties some recover from the disease and there is a possibilify of the 
covering plant acquiring permanent immunity.^* 

Eimkd, L[oiiis] 0[tto] 

Aster yellows and ils control. Plor. Exchange Host. Trade 
World 86:13-17, 1935. 

Popular account. 

Virus diseases of plants, twenty five years of progress, 1916-35. 
Hem. Brooklyn Bot Gard. 4(7) : 51-55, 1936. 

A brief review. 

Peach mosaic not cured bv heat treatment. Amer. Journ. Bor. 
23(10) : 683-686, 1936, 

The author conducted experiments on material received from Cob- 
rado and found that the disease was not inactivated in bud sticks at 
35®0., 42 ®C., or 60 ®0. for periods of time near that which the tissues 
can endure. 
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Heat treatment foi the c’^re of yellows and other virus diseases 
of peacn. rh:^d:opathology 26^9) : 809-830, 1936. 

Thiq paper fijives the results of extensive studies. Trees with yellows, 
little peach, red suture and rosette were cured with this treatment. 
Potted trees with yellows were cured in a room temperature of 34.4® 
to 36.3 ®0. The time for different parts of the trees varied. Dormant 
trees were cured by immersing in water at 50 ®0. for 10 minutes. Ro- 
sette was more difficult to control that the other diseases. 


Effect of heat on ability oh* Ckadula siexnoiata (Pall.) to trans- 
mit aster yellows. Amer. Jonrn. Bot. 24(5) : 316-^27, 1937. 

When insects infected with this virus were subject to heat of one 
day or longer at about 31® to 32®G. they lost the power to transmit 
the virus temporarily. When submitted to this temperature for 1 to 
11 days they regained the ability to transmit the vims in from a few 
hours to a few days. The longer the treatment the longer the time 
required to regain the ability to transmit. It is believed that the short 
treatment inactivates a part of the vims and that long treatments cause 
complete inactivation. It is b^eved that the virus not completdy inac- 
tivated increases in the insect. After the heat treatments the insects 
transmit strains which are unchanged in passage from plant to plant. 

Pield studies show that the transmission of this virus is greater 
during the latter part of the growing season when the plants are most 
resistant. It is suggested that the midsummer temperatures inactivate 
to some extent, the virus in the insects at that time. 

Lackey, C[harles] F[raiiklui] 

Restoration of virulence of attenuated curly top virus by passage 
through susceptible plants. Journ. Agrie. Res. 65(6): 453- 
460, 1937. 

Virus that has been attenuated by passage through Chenopodiwn 
murale has been restored in some cases by passage through eolyledon 
sized sugar beets. Also by passage through Zepidamn nitidwn and 
Brodkm ckutarimi, 

Larson, B. H., & Walker, J. G. 

Properties and host range of a cabbage mosaic virus. Phyto- 
pathology (Abstact) 28(1) : 13, 1937. 

Lasinio, E. 

Gialume infetiivo des pesco. (Infectious yellows of the peach. » 
Note Pruticulture Pistols 14(12) : 205-208, 1936. 

Latimer, L. F. 

The relation of cultural practices to a marked out break of cork 
in McIntosh apples in Northern New England. Proc. Amer. 
Soc. Hort. Sci. 26:149-150, 1930. 

The author describes all forms of bitter-pit disease of apple and 
considers them the same disease. 
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Latiffer^ Max A. 

The molecular weight and shape of tobacco mosaic virus protein. 
Science 87(2264) : 469-470, 1938. 

Lavin, G. L, & Stanley, W[endell] M[eredith] 

The ultraviolet absorption spectrum of crystalline tobacco mosaic 
virus protein. Journ. Biol. Chem. 117(3) : 269-274, 1937. 

They summarized their work as follows: “The ultraviolet absorption 
spectrum crystalline tobacco mosaic virus protein has been determined 
and found to agree essentially with the destruction spectrum previously 

found for the virus agent in purified preparations It has 

been possible to demonstrate the presence of the virus protein in the 
partially purified juice from mosaic-diseased Turkish tobacco plants 
by means of ultraviolet absorption spectrum measurements. 

Leake, H. M. 

^losaic and the nature of vims disease. Int. Sugar Journ. 37 
(444): 460-461, 1935. 

Lebard, P[aul] 

Relaiions entre Taltitude, Thumidite et les substitutions de de- 
g6nerescence de la pomme de terre. (Relation between alti- 
tude, moisture and potato degeneration. ) Compt. Rend. Acad. 
Agric. ( Prance ) 16(30): 999-1004, 1930. 

Lee, H[eiiry] A[thertoiL] 

California scaly bark and bark rot of citrus trees in Philippines. 
Philippine Agrie. Rev. 16 : 219-225, 1923. 

Leemann, A. 0. 

Bariev siripe disease. ITarming South Africa. 10(110) : 207- 
208, 1935. 

A popular account. 

Lehman, S[amael] 6[eorge] 

Praetiees relating to control of tobacco mosaic. North Carolina 
Agrie. Expt. Sta. Bull. 297, 7 p., 1934. 

Popular. 

, & Johnson, James 

Soil overwintering of tobacco mosaic. The Ext. Pathologist 14 : 
45-47, 1934. 

Contaminated soil relation to the epiphytology of tobacco mosaie. 
Phytopathology (Abstract) 27(2): 133, 1936. 

Rufiie leaf of tobacco. Phytopathology (Abstract) 28(1) : 14. 
1938. 
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Lejeune, J. B. H. 

La rosette de Tarachide. fitnde faite par la Station Experi- 
mentale de Tarachide Bombay. (Peanut rosette. Studies 
made at the presente Experiment Station, Bombay.) Agrie. et 
Elev. Congo Beige 10 : 107-108, 1936. 

Studies made on peanut rosette transmitted by Aphis Idbumi. 

Lesley^ J[axues] W[yvill] 

A study of resistance to western yellow blight of tomato varie- 
ties. Hilgardia 2:47-65, 1931. 

Some varieties of tomatoes proved to be resistant to the curly top 
virus of the sugar beet. ^^The resistance is Tveak and seems to be 
due not so much to tolerance of the virus as to a tendency to escape 

infection no significant difference was found in the length of 

the incubation period or in the frequency of recovery in resistant and 
susceptible varieties, and resistance was not increased in plants which 
had recovered, or in their progeny. 

Levshin, A. M. 

Mosaic diseases of the sugar beet. Plant Breeding Dept. Union 
Sugar Indus. Kieffl. 1930 : 286, 1930. 

The dwarf varieties of tomatoes have been considered resistant to 
the virus of beet curly top. Five trials for four seasons in two 
places showed a 42 per cent loss in the resistant dwarf varieties and a 
62 per cent loss in the susceptible varieties. The author says: ‘'The 
resistance is weak and seems to be due not so much to tolerance of 
the virus as a tendency to escape infection. The chance of infection 
is infiueneed by the number of leafhoppers used in artificial infesta- 
tion. The incubation period of the disease after artificial infestation of 
plants not less than 3 weeks after transplanting varied from 2 to at 
least 7 weeks. 

Lewcock, H. E. 

Yellow spot disease of pineapples. Queensland Agric. Joum. 
48(6) ; 665-672, 1937. 

A popular account. 

Idkhitg, V. N. 

Stenosis in Gujarat cotton. Proc. Assoc. Econ. Biol. Coim- 
batore 3:15-17, 1936, 

This disease has been suspected as being due to a virus but the 
author doubts this diagnoms. 

Linn, Manson B[ruce] 

A list of diseases found on economic plants on Staten Island 
(Biehmond County), New York, from 1932-36. U.S.D.A. 
Plant Diseases Kept. 21(4) : 73-76, 1937. 

Contains records of several virus diseases. 
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Loew, C[arl Benedict Oscar] 

rb(*r (leu Abbau der Kartoffeln. (On potato degeneration) 
Prakt. Bl, Pfiaiizenb. 14(1G-11) : 308-310, 1937. 

A general discussion including a discussion of Myzus persicae and 
the water holding capacity of the soil. 

Lojkin, Mary 

Inactivation of tobac-co nioaaie vims by ascorbic acid. Contr, 
Boyee Thompson Inst. (Abstract) 8(4): 335. 1936. 

A sindy of ascorbic acid as an inactivating agent of tobacco mo- 
saic virus. Contr. Boyce Thomp. Inst. 8(6) : 445-465, 1937. 

The author summarizes this work as foDows: ^'Antoxidation of as- 
corbic acid under the influence of cupric ions is associated with a capa- 
city to inactivate highly purified tobacco mosaic virus in ascorbic acid- 
virus systems. 

''The autosddatiou of ascorbic acid which occurs in an alkaline me- 
dium or in the presence of the catalyst, hexoxidase, is not accompanied 
by the capacity to inactivate virus. 

"The inactivation of tobacco mosaic virus in the presence of ascorbic 
acid undergoing reversible oxidation catalyzed by cupric ions is attri- 
butable to the formation of a specific intermediate product in the course 
of the autozidatiou of the ascorbic amd. Neither ascorbic acid nor de* 
hydroascorbic acid is capable of reacting directly with the vims to 
^ect its inactivation. 

"The inactivation of the virus by the autoxidation of ascorbic acid 
in the presence of cupric ions is inhibited by catalase, thus indicating 
that the intermediate product respontible for the inactivation is a 
peroxide.^’ 

Loni^ey, L[ewis] E[d'ward] 

PlowOi eolor in “broken” or mo'^aie tulips. Amer. Soc. Hort. 
Sei. Proe. 22 : 674-677, 1935. 

Studies on varietal susceptibility. 

Loring, H[ubOTt] S., & Stanley, W[endll] M[eredith] 

Isolation of erystalline tobacco mosaic virus pi*otein from tomato 
plants. Journ. Biol. Cbem. 117(2) : 733-754, 1937. 

This is a report on the isolation of a crystalline protein from tomato 
plants infected with tobacco mosaic virus. The crystalline protein ob- 
tained from diseased tobacco and tomato plants were almost identical. 

^ & 

Comparative properties of virus proteins from a single-lesion 
strain and from ordinary tobacco-mosaic virns. Phid^patho- 
logy (Abstract) 27(2): 134, 1937. 

“The single-lesion virus protein has approxiinatdy the HftTn. <styB- 
taHine fonn as the ordinary tohaceo-mosaie virus protein, but the 
crystals somewhat longer and narrower.” Thera are some other ali ght 
differences. 
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, & Wyckoff, Ralph W[alter] 6[raystone] 

The ultracenlrifiigal isolation of latent mosaic virus protein. 

Journ. Biol. Cliem. 121(1) : 225-230, 1937. 

The authors studied the latent mosaic disease of potato in Nicotiana 
glutinosa and N. tahaoum, ^'The protein is present to the extent of 
about 0.02 to 0.1 mg. per ec. of juice of infected plants and was found 
to reach a somewhat greater concentration in diseased Nicotuma glih 
tinosa than in Nicotiana tahacum plants. The latent mosaic vims pro- 
tein was found to be between 1,000 and 10,000 times more infectious 
than the original juice. 


Accuracy in the measurement of the activity of tobacco mosaic 
virus protein. Journ. Biol. Chem. 121(2) : 637-647, 1937. 

The results of this study are summarized as follows: 

A comparison of the differences in the number of lesions produced 
by the same percentage difference in virus protein concentration over 
range of from 10-® to 10-* gm. of protein per cc. indicates that the 
most favorable concentration for the comparison of different samples 
of crystalline virus protein is about 10-* gm. per cc. 

It has been shown in a number of different tests that differences in 
virus protein eoncenlration of 10 per cent or greater could be readily 
detected by the half leaf method on Fhaseolus wdgaris when forty to 
fifty leaves were used. When Nicotiana glutmosa was used as the test 
plant, the smallest difference in concentration which could be consis- 
tently distinguished with the same number of leaves was 20 per centr 

& Osborn, H T.. & Wyckoff, Balph WCaltw] Q[ray- 

stone] 

Ultraceutrituiial ibolation of hi^h inoleeular proteins 

from broad ))ean and pea plants. Proe. Soc. Expt. Med. & 
Biol. 38(2) : 239-241, 1938. 

The authors isolated this protein from diseased bean and pea plants* 
Healthy broad bean plants yield a similar, non-infectious protein. 

Longhnane, James B. 

Composition of iuterveinal mosaic* of potatoes. Xaiure 136 
(3420) : 833, 1935. 

, & TAwcplaj, Paul A[loysiiis] 

Mode of dissemination of tobacco -sirus X .Nature 141(3559) : 
120-121, 1938. 

Expeiimeats show that vims X is transmitted by eontaet, espeeially in 
the presence of strong currents of air. 

Lotmsbnry, C. P. 

Tobacco wilt in Kat river valley. Agric. Journ. Cape of Good 
Hope 18:1-22, 1906. 

The symptoms described lead to the belief that it is dne te a vims. 
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Lysenko, T. D. 

(The theory of plant development and the struggle against potato 
degeneration in the Somh.) larovizansiia 2:3-22, 1935. 

The symptoms described lead to the belief that is due to a virus 
disease. 

leader, E. 0. 

Potato dwarf and medium red clover. Amer. Potato Journ. 
14(9) : 295-297, 1937. 

Popular. 

, & Watkiiis, T. 0. 

Effects of Bordeaux mixture on the control of yellow dwarf of 
potatoes. Phytopathology 28(5): 375, 1938. 

Plants sprayed with Bordeaux showed less symptoms of this disease 
than un-sprayed plants. The authors suspect that the copper sulphate 
counteracts the virus. 

Magee, C[arles] J. [Patrick] 

Virus diseases of potatoes. Year Book Veg. Grow. Assoc. New 
South Wales, 1937:49^1, 53, 1937. 

Magie, B. 0. 

Hop diseases surv'ey in New York, 1936. U.S.D.A, Plant Dis- 
ease Kept. 20(16): 262, 1936. 

Slip-down”, a recentlr discovered disease of hops. Farm Bes. 
4(1) : 10, 13, 1937. 

This is a new disease reported from New York which causes a dwarfng 
of the plants beginning about the middle of June. Chlorotic ring- 
spots and chlorotic areas appear on the leaves. Preliminary experi- 
ments indicate that the disease is transmitted by the hop aphid. 

Maier, E. A. 

Mosaic control work on the south coast properties. Sugar Bull. 
15(24): 18-20, 1937, 

Mams. E. B. 

Obi^’ervations concerning clover diseases. Trans. Indiana Acad. 
Sci. 37:355-364, 1928. 

Contains some data on red clover mosaic. 

Manil, P. 

L'enigine des virus. (The enigma of viras.) Ann. Grembloux 
43(5) : 145-163, 1936. 

A review. 

A propos de la transmission par les graines de certains virus 
phytopathogenes. (On the transmission through the seed of 
certain phytopathogenic virus.) Bull. Inst. Agron. Sta. Eeeh. 
Gembloux 5 : 96-98, 1936. 
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, & Gratia, A[iidre] 

Transmission du virus de la mosaie ordinaire du tabac a I’Oro- 
banehe, plate parasite deponoue de cloropbylle. Compt. Bend. 
Soc. Biol. (Paris) 126(24) : 67-69, 1937. 


Une foirme necrosante de la mosaique du tabae. (A form of 
tobacco mosaic producing necrosis.) Bull. Inst. Agron. Gtem- 
bloux 4(3-4) : 186-190, 1937. 

Produced more severe symptoms than ordinary mosaic. 

, & Dricot, C. 

Eelations entre le uumero de lesions et la concentration dn virus 
infectant dans les cas de la mosaique dn tobac snr Xicotiana 
glutinosa. (Relation between the number of lesions and the 
concentration of virus in Nicotiana glutinosa mosaic.; Compt. 
Rend. Soc. Biol. (Paris) 126(32) : 918-922, 1937. 


Quelques aspects du probleme des maladies a vmus des plantes. 
(Some aspects of the problem of virus diseases of plants.) 
Ann. Ferment. 4(1) : 26-51, 1938. 

Manns, •T[]iomas] F[ranklin], Manns, M. M., & Adams, J[ames] 
F£awler] 

Department of Plant Pathology. Delaware Agric. Expt. Sta. 
Ann. Rpt. 1983-^4 (Bull. 192) : 40-49, 1935. 

Additional data on plums as carriers of peach yellows and little 
peach. P. myrohalan may carry these diseases without showing sfymp- 
toms. Macropsis triTnaculata breeds abundantly on P. nmnsoniana and 
P. saiicma. 

& Davies P[red] B[ees] 

Dissemination of peach yellows and little peach by Macropsis 
trimaculata, Fitch, Delaware Agric. Expt. Sta. Ann. Rpt. 
Bull. 205:37-40, 1936. 

It was found that the insect vector was more abundant (1) on 
Prunus salioma (oriental) than on the European species and (2) on 
wild than on cultivated species. It was also found that some species 
of spiders feed on the insects. Two i^ecies were found to be masked 
carriers of yellows, five of little peadi. 

— ___ — , & 

Dissemination of peach yellows and little peach and factors -n 
their control. Delaware Agric. Expt. Station. Ann. Rept, Bull. 
207:36-38,1937. 

A progress report on transmission by Macropsis trimacfuiXaia and the 
laasking of these disease in several species and varieties of Pruwas^ 
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Marcel, M. 

Etude sur la degenerescenee des Fraisieres (ser causes, comment 
et remedies.) (A study on strawberry degeneration, its causes 
and how to control it.) Bull. Soc. Nat. Hort. Pr. Ser. 6, 
3:211-214, 1936. 

BeseiiptioiiLS and methods of control 

Marchionatto, Juan B. 

Argentine Republic: Plant diseases observed in the country. 
Int. Bull. Plant. Prot. 8(11): 241, 1934. 

Makes mention of the oecnrrenee of bitter pit of apple in the Ar- 
gentine Republic. 

Enfermedades del trigo poeo conocidas y radicadas eu la region 
oeste de la zona triguera. (Little known wheat diseases in 
the west wheat region.) Bol. Ministerio Agric. Argentina 
36(4) : 293-299, 1934. 

Merkenscniager, F[ritz] 

Xederling und Dahlem. Ein Vergleieh zweier Versuchsfelder in 
hezug auf die Abbaufrage. (Nederlmg and Dahlem. A com- 
parison of two experimental fields in relation to the degenera- 
tion problem.) Prakt. B. Pflanzenb. 14(10-12) : 299-309, 1937. 

A discussion of the infLuenee of climatic conditions on degeneratioxi 
diseases. 

Martin, F. 

La degenerescenee de la canne a sucre. (The degeneration of 
the sugar cane.) Bull. Assoc. Chim. Sucrerie Distill. Prance 
et Colon. 63(9-10:792-794, 1936. 

De la degenerescenee de quelques plantes et de la canne a sucre 
en particulier. (Degeneration of some plants specially of 
sugar cane.) Gaillon Imp. H. Jehan. 14 p., 3937. 

Martin, John N. 

The multinueleate condition in maize and its probable relation 
to the X bodies associated with mosaic diseases. Proc. Iowa 
Acad. Sci. 42:83, 1936. 

R^orts the finding of these bodies in com that is apparently healthy* 

Martin, Lawrence F., McKinney, H[arold] H[all], & Boyle, L. W. 

Purification of tobacco mosaic virus and production of meso- 
morphic fibers by treatment with trypsin. Science 86(2234) : 
380-381, 1937. 

A description of a trypsin method. 
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Balls, A. K , & McKinney, H[arold] H[alll 

The proloin oontont of mosaic tobacco. Science 87(2258) : 229- 
230, 1938. 

The authors use three types of mosaic in comparison with healthy 
plants. They eoneludo that (1) ^'The total nitrogen of the plants 
was found to be very little changed from the normal; (2) The total 
protein seems also to have undergone little if any change but the ac- 
curacy of the results Is probably not high enough to demonstrate small 
\ariations, since they are calculated by diffor^ce. This suggests that 
the virus protein is produced at the es^ense of the normal protein^ 
though not necessarily directly from it. (3) In the case of the com- 
mon mosaic the trypsin-resistant protein, regarded by us as virus pro- 
tein, exists in smaller proportion than has been supposed previoui^y. 
The amount of resistant protein was found to be greater in a suscepti- 
ble vaiiety of tobaeco than in those generally considered less vulnerable. 
We have no proof at present, however, that the yellow mosaic virds 
is resistant to trypsin.'' 

BSartyn, £[dward] S[ridgeman] 

Report of the Botaiiieal and Mycologioal Division for the year 
193H. British Guiana Dept, Agrie. Div. Rpts. 1933:105-111. 
1934. 

Among otlior diseases reported is a mosaic disease of tomatoes showing 
fem-lcaf type of distoition on the varieties Early Market and Market 
Cowpeas wcie attacked by mosaic disease. 

Uassee, A. M. 

Purtljcr observations on the strawberry Tarsoneiuid mite. Bast 
mailing Eos. Sta. Ann. Kept. 1932:117-131, 1933, 

The plants were probably infected with a virus disease. 


The warm water IreatimMit of strawberry runners before 
ing, East mailing Res. Sta. Misc. Tub. No. 14, 1934. 


On th(‘ transmission of Ihe strawberry virus ‘^yeHow-tnlge” dis- 
ease* by the strawberry aphis, together with uoU‘s on the 
“ Strawberry Tarsonemid mite''*. Journ. Pom. & Ilort. Sci. 
13(1); 39-53, 1935. 

The author gives the results of oxporimcntal studios. Capitophorus 
fragariae is a vector in duno but not during the later part of July and 
August. The mite (Tarsonomus fragariae) was not a carrier but may 
cause injuries which mask the symptoms of tho virus. 

Capitophorus fragco'iae ^ Myaus (Capitophorua) fragaefolii. 


Studies on the transmission of the strawberry virus *‘yeltew-edge’' 
disease by insects: IT- Aphid transmission experiments and 
period of infeetibility. Bast Mailing Bes. Station, Ann. Bpt. 
1936:171-176, 1936. 

This is a record of a repetition of the work on which the first paper 
was based. The vector is Capitophorus fragaefoUi and five insects are 
sufficient for transmission. 
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. Studies on the transmission of the strawberry virus “yellow- 
edge” disease by iuseets. III. Aphid transmission experiments 
and period of infectibility. East jMalling Bes. Sta. Ann. Bept. 
1936:229-231, 1937. 

A record of studies which demonstrate that Oapitophonts fragaefoVi 
Cople. is a vector. 

Matouschek, F. 

Bin Uberblie iiber die bisherigen Kenntnisse von den Virus- 
krankheiteii der Pflanzen. (A sun’ey on the present knowledge 
about ,the virus diseases of plants.)/ Wien. Allg. Porst-u 
Jagdzeitg. 52 : 114, 1934. (Wiener Landwiet. Zeit. 84(22) : 
140, 1934.) 

Matsulevich, B. P. 

Differentsiastsiia rastital ’nykh virusov serologieheskin meiodom 
(Differentiation of virus by the serologic^ method.) Zasahck. 
Bast. (Plant Prot.) Leningrad 1936(10) : 37-49, 1936. 

I 

A review of the work of others and the results of the author's 
studies which indicate the posdbiiities of using serological reactions in 
the identification of viruses. 

Metodika opredeleniia virusnykh bolenznei Khrtofelia (Poloscha- 
toi i morschiuistoi mozaiki) Serologischei^im metodem. (The 
determination of virus diseases of potatoes with serqlogical 
methods.) Zasahck. Bast. (Plant Prot.) Leningrad 1936(10) : 
151-153, 1936. 

Mataomoto, T[akaslii], & Hirane, S. 

(Immunological studies of mosaic diseases. V. bliero-serological 
tests as means of detecting the virus in a small area of mosaic 
tobacco plants.) Jouni. Soc. Trop. Agric. Taiwan 7:346-350, 
1935. 

A description of the method. 

(A further note on Ihe serological studies of tobacco fuosaic 
bearing malformed flowers.) Agric. & Hort. 12(7) 1937. 

The author summarizes the results as follows: ^*In the previous pa- 
per, the author reported that the peculiar tobacco mosaic Wring mal- 
formed flowers (cf. fig. 1-2) was confirmed by the serological tests, 
particularly, by precipitin absorption", to be due to the virus com- 
plex, i.e. ordinary tobacco mosaic and potato mosaic viruses. In the 
present pux^er it is reported that he is able to separate the tobacco 
mosaic virus from this virus complex witliout impairing the infectivity 
of the former in the following way. The diseased plant juice (1:3) 
was fiist reacted against the antipotato mosaic serum at different con- 
centration, i.e. 1: 10, 1: 30, 1: 50, 1: 120, 1: 240, for 2 hours at 37®C., 
after which all the tubes were kept overnight in the cold room, and 
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in the next morning they were eentrifugalized at about 3,000 r.p.m. for 
30 minutes, and the supernatant liquids were used as inoeula for ino- 
eulating healthy tobacco plants (ef. table 2). From the experiments 
it is inferred that at serum concentration of 1 : 10, 1 ; 30, and 1 : 60 
the potato mosaic virus can be completely absorbed without impairing 
the infectivity of the tobacco mosaic virus excepting the concentration 
of 1: 10, in which some plants inoculated are left intact, wliile in the 
higher dilutions, such as 1:120, and 1:240, the potato mosaic virus 
is not yet completely absorbed and the juice is still capable of causing 
the composite disease. It is concluded, therefore, that in order to 
separate the active tobacco mosaic virus from the virus complex under 
study, the use of the serum dilution of 1: 30 and 1: 60 is recommenda- 
ble.’^ 


(A fiu'thei* Hole on the serological studies of the toliacco mosaic 
hearing inairormod flowers.) Fat. Wei. & Agric. Taikoku Imp. 
Iliiiv. Mific. lipt. Phylopatli. Lab. 3, T) p., 1937. 

Some serological studies on plant viruses and Bacteriophage. 
Pro<*. Second Inter. Cong. Mierob. (London) j). 579, 1936. 

The author gives his methods and a list of viruses studied. 

Mayer, H[aiis] 

Die Stippfleckenkrankbeit der “Apfel” imd Kalk. Erftirt. 
Fiibr. Obst-u Oarteiibau 32:185, 1931. 

Me Clean, A[lan] P[ercy] D[onglas] 

Streak disease of sugar caiie, Proc. South African Sugar Tech. 
Asso. 7(933) : 73-79, 1933, 


Furtlier investigations on tlie bunchy top disease of tomatoes. 
Union South Africa Dept Agric., Sci. Bull. 189: 5-36, 1935. 

The virus was partially inactivated at a temperature of 60 ** and 
70®(J. and completely by a tomporature above 70 ®C. It was transmitted 
to Nieandra plhysaJoidi% NicotUina tabaeum, Petunia hybrida, Caj^ 
cum annuim^ Lycoycrsicum pimpinellifoliimt PAmia elcgam, species of 
Solatium and two s])0<des of PlvyuaUs which produced symptoms. The 
virus was recovered and reinoculated into tomato. 

& Halse, R. H. 

Streak disease of sugaj* cane: its economic importanee in South 
Africa. Proc. South African Sugar Tech. Asso. p. 11, 1936. 

,& 

streak disease of sugar cane. Its economic importance in South 
Africa. South Africa Sugar Jo\irn. 20(7) : 433-435, 437, 439, 
441, 443, 445, 449, 450. 1936. 

A review of the authors' work. 
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Mc.Intosh, J., & Selbie. F. E. 

*The measurement oi the size of viruses by high-speed centrifu- 
galization. Brit. Journ. Expt. Path. 18 (2 J : 162— 174, 1937. 

Ueseiiption of equipment fox the study of Tiros diseases. 

McEay, M[arioii] B[erfciee] 

The early top cbsease. Seed World, 23:38, 48, 72, 1928. 
Popular. 

& Dykstra, T[heodore] Pfeter] 

Potato diseases in Oregon and their control. Or^on Agric. Expt. 
Sta. Circ. 96, 83 p., 1930. 

Popular. 

McEiimey, H[arold] H[all] 

A hiosai»* dwase of winter wheat and winter rye. U.S.D.A. Tear 
Book 1926:763-705. 3926. 


Morale diseases of wheat and related cereals. U.B.D.A. Cire. 
442, 23 p., 1937. 

The author gives a history of the disease, geographical distribution, 
spread, control and descriptions of seven viruses. Judies indicate that 
viruses are carried in soils east of the MissisBippi river but not in the 
soils west of the river. 


Virus muiation au<l the gen** eoiieept. Journ. Heredity 28(2) : 
51-57, 1937. t Nature 140 ^3531): 33, 1937. Trop. A^ic. 
( Trinidad 12(2): 41, 1938.) 

The author gives a brief review of the subject, the results of his 
own studies and his own views. He does not believe that we have any 
absolute proof as to the cause of the virus diseases. 

Me Larty, H[arold] E[oss] 

A s’i'^pect(‘d virus disease of sweet cherry. Canada, Dominion. 
Botanist Prosr. Rpt, 1931-34:53. 1935. 

Me Leod, D[oziald] J[olm] 

ypiiidJe-tnher. Canada Dept. \CTic., Canadian Expt. Farms., 
Div. Bot. Rpt. 1926: 1927. 

Report of the Dominion Field Laboratory of Plant Pathology. 
Fredericton. N.B., Canada Dept, Agric. Div. of Botany. Rpt. 
1928:186-199, 1929. 

Me Sae, WEiUiani] 

Fungus and virus diseases. The existing organization and scope 
of sugar cane research and experimental work in India. Rep. 
Proc. Imp. Sugar Cane Res. Conf. (Loudon) 1931:106-107, 
1932. 
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India: New disease reported durinat the rear, 1933. Int. Bull. 
Plant Protee. 8:199-202, 1934. 

Me Whorter, F[raiik] P[adeii] 

The symptoms of narcihsus mosaic developed with in the plant. 
Phytopathology 25 ( 9 ): 896-897, 1935 

Mottl’nif or breaking in Dame’s rocket in Oregon. IJ.SD.A. 
Plant Disease. Eept. 20(12) : 199, 1936. 

A lecoid of a viiosis \ery similar to breaking in MattJuola incana. 
Also a record of a mottle mosaic of the cruciferous ornamental, Hee- 
pert’s matronalis in Oregon. 

A latent virus of lily. Science 86(2225) : 179» 1937. 

A brief review of latent viruses. This virus is tulip 1 and it is 
latent in some species, such as lAlium iigrinum, L, cmdickm and L. 
ZongiHorwn. 

Cell inclusions in onion-yellow dwarf. Phytopathology 27(10) : 
1027-1028, 1937. 

Seports the finding of the cell indusions in diseased onions. 

Narcissus mosaic and early maturity. U.S.D.A. Plant Disease 
Kept. 22(9) : 147-148, 1938. 

The antithetic virus theory of tulip-breaking. Ann. Appl. Biol. 
2§(2):254r-270, 1938. 

The author suggests the term antithetic” for associated viruses 
which are physiologically antagonistic. These are two viruses, I & 
II. In the commercial broken tulips the viruses are in physiologically 
balanced mixtures. 

Mejia, E. 6. 

El mosaico, matizado o rayas amarillas en la eaha de azuear. 
(Mosaic, motling or yellow stripes of sugar cane.) Bol. Agrie. 
Soc. Antioq. Agric., Colombia : 935-939. 288 : 966, 968-969, 
1937. 

Melhus, Irving E., & Henderson, W. J. 

Yellow dwarf and other onion diseases. Iowa Agric. Bxpt. Sta. 
Rpt. Agric. Res. 1931:49, 1932. 

Mention and record of the behaviour of the diseases. 

Metzger, 0[arl] H[enry] 

Some preliminary notes on the effect of psyllid yellows on seed 
stock from infected plants. Amer. Potato Joum. 13(10) : 277- 
285, 1936. 

Popular. 
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Ciirlv dwarf in Colorado. Amer. Potato Jonrn. 13(11): 316 
317, 1936. 

Popular. 

BElbrath, D[avid] G[alleiis] 

Peach mosaic. California Dept. Agric. 16th Ann. Rpt. Bull* 
14, p. 501, 1937. 

Virus diseases of plants in relation to agriculture. California 
Dept. Agric. Bull. 26(3) : 269-274, 1937. 

A very excellent popular discussion. 

Milbrath, J. A. 

An indication of seed transmission of mosaic virus in tomato 
seed. Phytopathology 27(8 : 868-869, 1937. 

The author reports transmission by seeds. 

MOl&n, B. 

El tamafoi dc los tnbcrculos que deLe emplearse en las proximas 
>iembras de papa. < Size of potato tu!)er that must be planted 
ill the future.) Rev. Argentina Agron. 2:138-139, 1935. 

Popular notes in regard to unmottled curly dwarf disease of potato. 

Millar, Paul H. 

Freedom fr<mi “yellows" of certain plantings of the Blackmore 
strawberry. [\S,D.A. Plant Disease Sept. 2ir4) : 70-71, 1937. 

A Record. 

Molenaar, F. A. P. 

^Magnesium in verband met ziekteverschipnselen bij cultnurge- 
wa St... in i elution to patJolOoical symptoms in 

cultivated plants, » Landbouwk. Tikdsehr. Wageniugen 48 
(590): 637-638, 1936. 

Refers to bunchy top disease of Manila hemp. 

Moore, E[md] S[tdla] 

A virus disease of tobacco in South Africa. Nature 129(3258) : 
544, 1932. 

Account of a tobacco virus disease that resembles ringspot. 


The **Kromnek’’ disease of tobacco. Rhodesia Agric. Joum. 31 
,lj : 9-10, 1934. 


Degeneration of potatoes. Farming South Africa. 10(115) i 
431-433, 1935. 
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Moritz, 0. 

Neuere biochemische and serologische Ai-beiten auf dem Gebiet 
der planzlichen Viruskrankheiten. (Recent biochemical and 
serological studies in the field of plant vims diseases.) Phy- 
lopath. Zeitsehi*. 10(5) :544r-558, 1937. 

Muller, Paul B. 

Serum diagnosis of virus diseases of tobacco. U.S.D.A. Plant 
Disease Eept. 22(5) : 74-77, 1938. 

The results of tests of Dr. K. Starr Chester’s methods for identify- 
ing tobaceo viruses. The results with tobaceo mosaie was satisfactory 
but the results with other viruses were less satisfactory. 

Mnrayama. D. 

Studies on the mosaic disea.se& of tomato. Jonrn. Sapporo Soe. 
Agric. & For. 28(133) : 215-277, 1936. 

Murphy, Donald M., Ss Pierce, W[alter] H[oward] 

Common mosaic of the garden pea, Pisiim sativvm. Phytopatho- 
logy 27(6) : 710-721, 1937. 

The authors discuss the ^miptoms and give the results of studies 
with pea virus 3. The virus attacks 29 species of Leguminoseae and 
. is transmitted by Ulinoia pisi. The thermal death point was 60**C. 
and the longevity at 22 ®C. was less than 3 days. 


A mosaic-resistant small red bean. Phytopathology 28 (4J :270- 
273, 1938. 

A discussion of methods and results. 

Murphy, P[aul] A[loysius], Quanjer, H[endrick] M[arius], & 
Arthur, D[isbrowe] 

Leaf roll (curl), mosaie and allied diseases. Pa])er read before 
the International Potato Conf. November, 1921. (Revietved 
by Cnthbertson in Journ. Roy. Hort, Soc. 47:110-121, 1922.) 

Leaf-roll and mosaie, two important diseases of the potato. Ire- 
land Dept. Agrie. and Tech. Inst. Spec. Leaflet 24, 4 p., 1923. 

& McKay, R. 

The compound nature of crinkle and its production by means 
of a mixture of viroses. Sci. Proc. Roy. Dublin. Soe. 5 : 227- 
247, 1932. 

Nature and control of potato virus diseases. Nature 138(3501) : 
955-958, 1936. 

The author recommends seed selection and discusses the relation- 
ship of Myztis persicae, which is a vector of the important leaf roll 
disease, to climatic conditions. He discusses other virus diseases briefly 
and re<'ords four viruses (X., F., Y. and A.) which singly or in 
combination produce eight diseases. 
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, & LoTiglmane, J[aines] B. 

A i<*inparison oF some and Irisli potato mosaic viruses. 

Sid. Proc. Roy. Dublin tioc. n. s 21 40 ) : 419-430, 1936. 

The authors summarize their results as follows: 

^^Szamiuation of Dutch potato mosaic diseases^ carried out in con- 
sanction with similar work in .America, diowed the presence of viruses 
X, B, T, A, F and vem-bandiug virus, occurring alone and in com- 
binations (List, p. 427). 

Symptoms in some eases were absent (X, Y and F) and in others 
Lorresponded to those of simple mosaic (X), veinal mosaic (Y or A), 
rugose mosaic or leaf-drop (X-Y), crinkle (X-A), and interveinal mo- 
saie (X-F). 

These viruses and diseases are the same as those common in Ireland^ 
and probably in N. W. Europe generally, but others are important in 
continental areas. 

Other viruses were found which were similar to A or Y but not 
identical. It is conduded that Y and A are distinct from each other, 
but that each may be the type of a smaller group of closely related 
or practically identical viruses, analogous to the X-vimses. 

Virus Y caused pronounced veinal mosaic on Bolanum nodiflonm 
on which A produced no symptoms. This plant also difEeientiat^ the 
virus related to A and Y, as well as vims F, and proved a useful new 
differential host. 


A ten years ^ experiment on the spread of leaf roll in the field. 
Rci. Proc. Roy. Dublin Soe. n. s. 21 : 567-579, 1937. 

A review of the work showing that the severity of the disease was 
correlated with dimatic conditions. 

Nakayama, E. 

^The groAvth-limiting effects of dwarf genes on some organs of 
rice. ) Japan Journ. Genetics 13 f 3-4) : 196-199, 1937. 

A pieliiainary note with English Summary. 

Neal, David C[harles] 

Trinkle leaf, a new disease of cotton in Louisiana. Phytopatho- 
logj' 27(12) : 1171-1175, 1937. 

This disease is descnbed but cause not determined. 

Ne^gwd, F. 

\'inis»-kraiikliciteii der Tomaten (Tomato virus diseases). Hol- 
ler’s Dent. Uartn. Zeits. 61^21) : 237-239; 247-249; (22): 
262-263; 273-274, 1936. 


Virussydonime paa tomat (^Viins d.^eases of tomato. » Gartn.- 
Tid. Ivobenhavn 62 : 113-121. 1936. 
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Virubsydoinme i)aa tomat. ("Virus diseases of tomato.; Gart- 
nerlidende, 8 : 11, 1936. 

Gives symptoms, geographical distribution, methods of transmissioa 
and hosts of the virus diseases of tomato mth bibliography. 

Uewton. £. G. 

Expen’inental woi'k with potaioes. Agri(\ Journ. Brit. Columbia 
8:bO-Sl, 1923. 

Ifewton, William, & Edwards, H. I. 

Virus '-Indies. I. The production of antisera in chickens by 
inoi'iilat on ^\it]l potato X. Canadian Journ. Ees. C. 14: 412- 
414, 1936. 

^'Chicken antiserum was produced by three wing yein inoculations 
with sap from Datura tneteloides, and Datura Stramonium plants in- 
fected with '^potato virus Before injection, the saps were puri- 

fied by the Bawden and Pirie method. This antiserum formed a con- 
spicuous precipitate when incubated for three hours at 37 *G. with simi- 
lar puiified sap of these two plant species when they were infected 
with the X or healthy potato virus, but failed to form any precipitate 
when incubated in the same way with purified sap from vims-free 
plants. Two unknown viruses, one from spinach and the other from 
tomato were established as belonging to the X group by the precipitin 
reaction through the use of chicken antisera. The serological grouping 
was supported by the fact that the unknowns had similaT, if not identical 
lethal temperature, longevities in vitro and host ranges as the ordinary 
potato virus X.'' 


Virus Studies. II. Streak X, a disease of tomatoes caused by a 
virus of the potato X group unassociated with Tobacco mosaic. 
Canadian Journ. Res. C. 14:415-418, 1936. 

streak disease of tomatoes was found to be caused by a vims 
of the potato X group unassociated with tobacco virus I. The disease 
markedly reduced the yield of marketable fruit in several greenhouses 
near Victoria. The symptoms resemble those induced by ordinary po- 
tato virus X in conjunction with tobacco mosaic. The host range, lethal 
temperature, longevity in vitro, and dilution extinction point of the 
virus resemble ordinary potato X. Streak X may be distinguished 
from ordinary potato X by the more pronounced symptoms it induces 
on tobacco. Datura, Niootiana glutinosa and tomato, and particularly 
by the streaking and necroris of the stems and leaves of tomato. The 
virus causing this streak disease could not be recovered from Irish Cob- 
bler potatoes after an incubation period of ten days, neither did the 
characteristic sjrmptoms occur on tomatoes already infected with or- 
dinary potato virus X. The virus was recovered unchanged from X-free 
potato seedlings. The antigen reactions also proved that the streak 
'virus belonged to the potato virus X group.” 
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The menace of cherry mosaic. Better Fruit 31(3) : 7, 14, 1936. 

A mottling of sweet cherry {Prunits avium) transmissible by budding,, 
prunning and rubbing with juice. 

& Edwaxds, H. I. 

Virus studies. III. Tomato diseases. Canadian Journ. Res. C. 
16:162-167. 1937. 

** Single virus streak, potato virus X, streak virus X and aucuba mo* 
sale (tobacco virus 6; were found causing diseases of tomatoes in 
commercial glasshouses in British Columbia during 1936. Single virua 
streak was the commonest disease although greater losses were caused 
by the streak virus X. Aucuba mosaic was found in one case only, 
but was highly pathogenic. Potato virus X was present mixed with 
single streak, giving rare cases of mixed virus streak. Tomato mosaio 
(tobacco virus !• was not present as a tomato disease.” 

“Wngle virus streak serum did not give a precipitate when mixed 
with aucuba antigen, thus indicating that the viruses are distinct.- 
Hoi\ever. a slight precipitate with tobacco vims I antigen did indicate 
distant relationship with this form. Although three strains of single 
virus streak 4‘ould be distinguished by symptoms produced on tomatoes 
when ino(*ulated simultaneously, these strains proved to be serologically 
identical. ' ’ 

NoUe. B[obrt] J[aoksoii] 

Virus infections in plants. Joum. Australian Inst. Agric. Sci. 
Ii2- 193.>. 

Xotes from Presidential address delivered before the Royal Soc. New 
fiouth Wales, May 1, 1935. 

Sjiottecl wilt aiul other vdrus diseases of tomatoes. Year Book 
Veg, Grow. As^ie. Xew South Wales 1937:46-48, 1937. 

NoUa, J[ose] A[iitoiiio] B[erxiabe] 

Estuditts eon el mosaieo o cdorosis. La enfermedad mottle 
( Studies with mosaic or chlorosis. The mottle disease. ) Inst. 
Tabaco de Puerto Rico. First Rpt. 1936-37 : 18-20, 1937. 

In this first report of the Institute notes are given of the work 
started on the tobacco diseases mentioned. 

Nyhus, P[atd] 

The potato situation in Argentine. Amer. Potato Journ. 13(7) : 
185-189, 1936. 

Contain some data on virus diseases. 

Ocfemia, G[eraldo] 0[fSmaria], Ss Celino, M. S. 

Securing disease-resistant abaca for fighting bunchy-top. Agric. 
& Ind. Mon. (Manila) 4« 8); 12-13, 1937. 
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The probable nature of “eadang-eadana” disease of coconut. 
Philippine Agric. 26(4) : 338-340, 1937. 

Probably a virus disease. 

Ochoa, R. H. 

Algo sobre mosaico y variedades de cana en Antioqma (Colombia) 
(Something on mosaic and sugar-cane varieties in Antioquia 
(Colombia). Bol. Agric. Soc. Antioquia, (Colombia) 9(217) : 
668-672, 1936. 

Una enfermedad de la eaha de azucar. (A disease of sugar 
cane.) Rev. Xac. Agr. Soc. Antioquia (Colombia) 32(391) : 
841-843, 1937. 

This disease is similar to mosaic but cause is not definitely kao^m. 

Ogilvie, L[awrence] 

Occurrence of the rosette disease of lilies (yellow flat) in English 
green-houses. Bermuda Dept. Agric. Bull. 8 : 23, 1929. 

, & Mulligan, B. O., 

Diseases of vegetable marrow. Bristol Agr. & Hort. Res. Sta. 
Ann. Ept. 1930:14^145, 1931. 

A not'' on the occurrence of new virus diseases of ihe tomato 
in the Bristol Province. Bristol Agric. & Hort. Res. Sta. Ann. 
Rpt, 1935:104-106, 1936. (Journ. Bath. W. S. Co. Assoc. 
10(6): 204-206, 1936.) 

Descriptions of two new diseases. The symptoms are similar to those 
produced by cold, faulty cultivation, drought, over watering, mineral 
deficiencies and scorch due to leaky boilers or creosote or other fumes. 
They may result from smoking tobacco and cigarettes used by the la- 
borers. 

, Griau, P. W. 

Progress report on vegetable diseases. Til. Bristol Agric. & 
Hort. Res. Sta. Ann. Rpt. 1936:110-117, 1936. 

The greater part of this report is devoted to mosaic of lettuce. It 
is primarily a study of varietal susceptibility and remstance. It gives 
the symptoms of each variety. 

Okuda, Y., Ss Sutoh, H. 

(Biochemical investigation of mosaic diseases of tobacco plants. 
Part I.) Joum. Agric. Chem. Soc. (Japan) 12(12): 1227- 
1231, 1936. 

Shigemathu, S., & Hanada, M. 

(Biochemical investigation of mosaic diseases of tobacco plants. 
Part II.) Jonm. Agric. Chem. Soc. (Japan) 12(12): 1232- 
1238, 1936. 
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OortMrijn Botjes. J[an Gerhardus] 

Veradndering van de vat baarheid voor bepaalde virnsziekten bij 
sommize aardappelrassen. (The decrease in the susceptibility 
of some races of potatoes to certain virus diseases.) Land- 
houwk. Tijdschr. 47^579) : 651-657, 1935. 

^The position of the immunity problem in the virus diseases of 
plants.'^ Tijdschr. Plantenziekten 42(1) :l-9, 1936. 

A review of recent -work. 

De oorzaah van hel optreden van dwergmozaikiekte aardappel- 
phanten fstekelpoppen). (The cause of the occurrence of 
dwarf mosaic-diseased potato plants (sprm» heads). Tijdschr. 
Plziekte. 43< 3 ^ : 60-63, 1937. 

Plants with a mild mosaic disease contain stipple streak /'acropetal 
necrosis'^ virus which is masked. It is the same as curly dwarf and 
bukett disease. 

Tersehil virulentie bij het %’irus van stippelstreepziekte in de 
aarda])pel plant. The variation in virulence of the stipple 
streak disease virus in the potato plant . ) Tikdschr. Plziekte. 
43(1): 1-10, 1937. 

A study of the variation in stipple streak (acropetal neeroris). 


Opitz, K. 

Zur Prage der Virus-iibertragxmg in Kartoffelfeldem. (On the 
question of virus transmission in potato fields.) Dntsch. 
Laiidw. Pr., 63^32) : 399-400, 1936. 

These studies showed that these diseases were transmitted very readily. 

Osborn, H. T. 

Studies on the transmission of pea virus 2 by aphids. Phyto- 
pathology 27 1 5) : 589-603, 1937. 

The author gives the results of his studies which include a list of 
host plants. The virus is inactivated in 10 minutes at 64*’G., and in 
five days in vitro. The virus is transmitted by MacrosipJiv/m pisi, K. 
gei and Aphis rumids. They acquire the virus in five minutes feeding 
on diseased plants and are able to transmit immediately but some colo- 
nies lost this power after feeding 15 minutes on a healthy plant. How- 
ever, when held without food they retain the power much longer. 

Vein-mosaic vims of red clover. Phytopathology 27(11) :1051- 
1058, 1937. 

The author reports a new virus on red cover. It is transmitted by 
the pea aphid and attacks Vida faha, Trifolvum repens, T. hyhridum, 
T. incamaium, Meliloius dlha and JPisum sativum. It is inaerivated by 
a temperature of 10^0. for 10 minutes. 
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Diifereutiation of 5 mosaic virnses of legumes. Phytopathology 
(Abstract) 28(1): 17, 1938. 

Orton, C[la 7 ton] £[oberts], & Hill, L. M. 

An undeseribed potato disease in West Virginia. Phytopatho- 
logy (Abstract) 27(2): 137, 1937. 

The cause of this disease is not kno^cn. It possesses some of the 
characters of a virus but apparently is not transmitted in the tubers. 

Otero, Jose I[dilio], & Cook, MelviUe T[hiirston] 

Second supplement to partial bibliography of virus diseases 
of plants. Journ. Agric. Univ. Puerto Keo 20(3) : 741-819, 
1936. 

A continuation of the work published in the above Journal. 18(1-2); 
1-410, 1934 and 19(2) : 129-213, 1935. This supplement contains nearly 
500 additional titles. 


Ott, A. 

Sul mosaico del pesco. 1. (Peach mosaic.) Note Fructiicultura 
Pistoia. 15(8) : 128-132, 1937. 

Sul mosaico del pesco. II. (Peach mosaic.) Note Pructtieultura 
Pistoia 16(9): 141-148, 1937. 

Paine, S. 6., & Bewley, W[illiam] Fleming] 

Stripe disease of tomatoes. Journ. Min. Agi*ic. 26(10) : 998- 
1000, 1920. 

Pal, B. P., & Tandon, B. E. 

Types of tobacco leaf-curl in Northern India. Indian Joum. 
Agiic. Sci. 7(3): 363-393, 1937. 

The authors review the history of the disease, describe the i^ymptoms 
and give the results of their ezperimeuts. They list five types of leaf- 
curl due to four viruses as follows: (1) tobacco leaf curl A (tobacco 
leaf-curl virus I), (2) tobacco leaf-curl B (tobacco leaf-curl virus 2), 
(3) tobacco leaf curl 0 (tobacco leaf curl virus 3), (4) tobacco leaf- 
curl I) (tobacco leaf -curl virus 4) and (5) tobacco leaf curl X (a mix- 
ture of two or more of the leaf curl viruses.) Tobacco leaf curl A is 
probably same as ^^krulziekte”, ^‘Kroepoek”, '^faltenzwerg**, gila 
and ‘‘krokoh”. 

Palm, B^om] T[orwald] 

(The “eracked skin” disease of Ihe beet {Beta vulgaris Ii.) 
Svensk Bot. Tidskr. 31(4) : 395-399, 1937. 

Pape, H[eiiirich] 

t)ber eine Mosaikkraokheit der Kohlriibe. (A mosaie disease of 
the swede). Deutsche Landwrit. Press, (^nd. 26, 8 p., 1935, 

Popular Teidon ot a pieviong puUioatioai. 
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Zur “Pam-oder Padenblatlrigkeit der Tomate”. (Ringspot dis- 
ease of tomato.) Zeitsehr. Piir Pflanzenk. & Pflaozeiis. 47 
(121:619-620, 1937. 

Brief note. 

Pause. £., 

Die Kranselkrankheit (Rosette, mosaic) bei Erdniisseii. (Curl 
disease (rosette, mosaic) of groundnuts.) Tropenpflanzer, 40 
(0). 218-220, 1937. 

Beeordg of the disease in Senegal 

Parker E[d'wm] B[ob«rts] 

Jlottle-leaf and suu-biotcb disease eonirol. California Avocado 
Assoc. Yearbook 1936:149-151, 1936. 

Popular. 

Parker. M. 0., & Brink, E. A. 

The iiiheritan<*e of reMstaiiee to common bean mosaic. Wisconsin 
Afitric. Expt. Sta. Ann. Rpt. 1931-32 ; Bull 425 : 102, 1933. 

Inheritance of resistance to the common mosaic virus in the bean. 
Junm. Agric. Kes. 52(12) : 895-916, 1936. 

In the summary the author writes in part as foBows: ‘‘Bedprocal 
crosses between the mosaie-resistant Michigan Bobust and susceptible 
^Tingless Green Befugee yariolies of beans reacted quite differently to 
the mosaic virus employed in these studies. It was found that the 
maternal parent governs to a large extent the reaction of the hybrid 
offspring.’^ In his discussion of the results of many crosses he said: 
'‘These results cannot be explained on a simple Mendelian basis, be- 
cause the reciprocal hybrids react differently. To explain the fact that 
the maternal parent determines to a large degree the reaction of the 
hybrid individuals it is assumed that the cytoplasm or some extra- 
nuclear inclusion governs the immediate reaction of the plant to the 
vims. The convergence of the results from reciprocal crosses in the 
Fs and Fji however, points to the conclusion that the ultimate con- 
trol is nuclear but that there is a delayed expression of the action of 
the genes. The further assumption is necessary that certain geno-iypes 
change the reaction of the cyto-plasm more rapidly than others.*’ 

Pasinetti. L. 

Rieerche situlugicbe suUa “maculatura feiruginosa” (Eisen- 
fleeMugbeit dei tuberi di pataia. i (Histological investigation 
on the “iron stain” (Eisenfleekigbeit) of the potato tuber.) 
Riv. Patol. Teg. Pavia 25(21) : 185-227, 1935. 

Passalaqua. T. 

Experience de vaccination sur le Pelargonium zonale. (Expe- 
riences on vaccination of Pelargonium zonale.) Sic. Intern, 
llierob. Boll. Sez. Ital. 6 : 83-87, 1934. 
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Una probabile virosi della “Vida fdba L.” (Note preliminare) . 
( A probable virosis of Vida faba L. (Preliminary note) Kiv 
Pat. Veg. 27 : 5-6, 145-148, 1937. 

A disease causing a dwarfing of the plants. 

Praiberton, G. E. 

The insect vectors of virus diseases of sugar-cane. Proc. Fifth 
Congr. Int. Soc. Sugar Cane Tech. (Brisbane) 1935:118-120. 
193b. 

The author believes that Petkimiella vitiengis and possibly other in- 
sects are vector of the Fiji diseases. 

Penziir, 0. 

Yellows. Pflanzen-Teratologie 2:34-39, 1921. 

Perdrau. J. B., & Todd, G. 

The photo-djTiamic action of methylene blue on certain viruses. 
Proe. Roy. Soe. B. 112:277-298, 1933. 

Peterson. Paul D., & McKinley, H[arold] H[all] 

The influence of four mosaic diseases of the plastid pigments 
and chlorophyllase in tobacco leaves. Phvtopathologv 38(51 : 
329-342. 1938. ‘ 

The authors report an increase in ehloro-phyllase activity accompanied 
by a decrease in chlorophyll content of the tissues. 

Pethybridge, G[eorge] H[erbert], & Smith, K[enneth] M[aiiley] 

A suspected virus disease of Zonal Pelargoniums. Gard. Chron. 
92:378-379, 1932. 

Petri, L[ionello] 

Suir aiTieciamento (court-noue) della vite. (On leaf roll of 
gi-ape.) Boll. R. Staz. Pat. Veg. 14(2) : 273-278, 1934. 

A review of the author’s work. 


Trasmissions del virus del rarrieciamento della vite attraverao 
i tessuti di una varieta resislente. Atti. R. Acad. Naz. Lincei 
VI, Rend. Cl. Sci. Fis., Mat. e Nat. 25(9 & 10) : 413-416, 1937. 

Passage thiODgh an intermediate resistant graft does not inactivate 
or attenuate the vims. 

P^yronel, B. 

Bitter-pit of apples. Bull. R. oe. Toscana Ortic 4 ser. 17(11- 
12) : 151-159, 1932. 

Pfaidmch, E., & Lindau. G. 

Zur Biochemie des Kartoffelabbanes II. Biochem. Zeitschr. 277 
(1-2) : 129-138, 1935. 
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Piemdsel, K[obert] L[oi 2 is] 

Land-iniprf>vement measures in relation to a possible control of 
the he’^t leafhopper and curly top. U.S.D.A. Cir. 416:1-23, 
1936. 

The studies reported in this eireular were made to show that the* 
applicatioa of certain land-improvement measures would aid in the 
control of Eutettix tenellus and the curly top of sugar beet. The au- 
thor made a survey throughout southern Idaho and found that the in- 
sects are produced in economic numbers on the weed hosts on aban- 
doned, weedy fallow, burned over or heavily grazed lands. These weed 
host will be replaced ultimately with plants that are not hosts for tha 
insects. 

Pierce, ■W[alter] H[oward], & Ws^er. J. C. 

The development of mosaie I’esistant Refugee beams. Cauner 77 
'261:7-9. 1933. 

Popular. 

TliP identiti<‘ati<iii of certain viiuses affecting leguminous plants, 
.Touni. Agric. Res. 51( 11 J : 1017-1039, 1935. 

The author reports the following distinct viruses obtained from the 
common beans {Phaseolus vulgaris) in Idaho. Common bean mosaic 
virus (bean virus 1), yellow bean mosaic virus (bean vims 2), enation 
pea mosaic virus (pea virus 2), common pea mosaic vims (pea Time 
2/, common soy bean mosaic vims (soy bean vims 1) and broad bean 
local lesion virus obtained from red dover. 

Legume viruses in Idaho. Fliytopathologj’ 27( b > : 836-843, 1937. 

Some strains of bean virus 2 were more severe than others. Most 
legumes were subject to more than one virus. Diseases should be des- 
ignate! by viruses rather than by symptoms. One vims usually pre- 
dominates on each host species. Pea vims 3 was the cause of most 
infections on red clover and bean vims 2 for most infections on sweet 
. clover; it is possible that the results may be different in different 
localities. Some legume hosts may serve for the overwintering of some 
virases; e. g. bean vims 2 which causes yellow mosaic of beans over- 
winter in sweet clover and pea virus 3 in red clover. The most im- 
portant viruses in peas and beans in Idaho were pea vims 3 and bean 
virus 1, 

Pinckard, J. A. 

The effect of fliie-euring on the survival of ordinary tobacco 
virus 1. Phytopathology (Abstract) 28(1): 18, 1938. 

Piovano, A. P. 

Contribueidn para el estudio de las enfermedades por vims fil- 
trables de las plantas cultivadas eii Mendoza. (Contribution 
to the study of virus diseases of cultivated plants in Mendoza.) 
9(2) ; 1190-1202, 1937. 
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Pirone, P. P. 

Geranium crinMe in New Jersey. Tj.S.D.A. Plant Disease Kept. 
2Z(9): 146. 1938. 

Pittman, H[arold] A[mlirose Jacques] 

Fig leaf mosaic. Joum. Dept. Agric. West Australia 2nd Ser. 
12^2) : 196. 1935. 

i 

Plakidas, A[ntoxiios] G[eorge] 

Leaf variegation of the Blackmore sti'awberry in Louisiana. 
U.S.D.A Plant Disease Eept. 18(5) : 46, 1934. 

Poeteren, N[icolas] van 

Verslag over de worksaamheden van den plantenxiekten ki*an- 
dugen Dienst. in de jaren 1920 en 1921. Verslag en Mededeel. 
Planienziekten kundigen Dienst Wageningen 27:926, 1922. 

A diy temperature of oO*" C. for 24 hours failed to kill virus of leaf 
roll in infected tubers. 

Die Bekaempfung der Yimskrankheitien bei Kartoffeln, mit 
besonderer bemeksichtung der Erzengung heehwertigen saat- 
gnter in den Nierderlanden. Bapp. Nat. Sect. Y, Theme 9, 
(No. 11) Congr. Intern. Hort., (Eome), 11, 1935. 

Pole Evans, 1. B. see. Evans, I[lltyd] B[nller] Pole 

Poos, F. W., & Wheeler, Nancy H. 

On the hereditary ability of eenain insects te transmit diseases 
and to cause disease-like injuries to plants. Journ. Econ. Bnt. 
27(1;: 58-69, 1934. 

The authors give a review of the literature and results of experiments 
which lead to the following conclusions: (1) Bmpoasca fabae inherits 
the power to cause disease like injuries in legumes and some other 
crops; (2) Mysus persicae when infected with the vims of spinach 
blight do not transmit same to their offspring. 

, & Westover, H. L. 

Alfalfa yellows. Science 79(2049) : 319, 1934. 

Porter, D. B., & Henderson, W. J. 

Onion diseases. Trans. lovra Hort. See. 68:240, 1929. 

k 

Beferenee to yellow dwarf of onions. 

Post, Tilidma] B. 

Mosaic disease of roses in Arkansas. U.SJ).A. Plant Disease 
Eept. 19(7) : 98-99, 1935 

Price W[ililam] C[on'way] 

Classification of lily-mosaie vims. Pliytopathology (Abstract) 
27(2): 138, 1937. 
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, & Gtowen, J[olm] W[Mttemore] 

QiumtitatiYe studies of tobaeco-mosaie virus inactivation by ultra- 
^uolet light. Phytopathology 27(3) : 267-282, 1937. 

The authors summarize their -work as follows: ^‘The survival values 
of tobacco-mosaic virus exposed to ultra-violet light follow a simple 
exponential curve. If we regard radiant energy as absorbed in discrete 
units, this curve may be obtained when one unit of energy absorbed in 
a virus particle is sufficient to cause its inactivation. The rate of 
inactivation will depend on the amount of energy incident to the virus. 
The data show that w*hen the virus is most purided (in a solution of 
eiystalline material) and the solution has least extraneous matter to 
absorb the energy, the rate of inactivation is greatest. Adding juice 
of healthy tobacco plants to purified virus lowers the rate of inactiva- 
tion. The rate for the crystalline material plus juice of healthy to- 
bacf'o plants is essentially the same as that for the virus in juice of 
diseased plants. The rate of iaactivation for virus in non-purified 
dried juice follows essentially the same curve as that for the wet ma- 
terial, except that a portion of the virus fails to become inactivated 
even when exposed for long periods of tune. This is believed to be 
duo to the fact that dried vims particles, because of their fixed posi- 
tion, are sometimes overlain by other materials and thus Welded from 
the ultra-violet light.” 


(Hassifieatioii of lily-inosaie virus. Ph,\i:opatliology^ 27(4) :561- 
569, 1937. 

A record of a number of cross inoculation which indicate that this 
vims is the same as cucumber mosaic virus. 

, & Wyckoff, B[alph] W[alter] €r[raystoiie] 

The ultraeentrifugation of the proteins of encumber viruses 3 
and 4. Nature 141(3374) : 685-686, 1938. 


Prien 

1st eine Bekampfung der Kartoffelabbanes moglieh ! \ Is a cam- 

paign against putaio degeneration practicable/) Deutseh. 
Landw. Pr. 63r5):57, 1936. 

Becommends gro^^ing of excised eyes. 

Pruthi, H. S. 

Entomological investigations on the spike disease of sandal. 
XI Y, Jassida<‘ (Homopt) Indian For. Ree. 30, 1934. 

& Samuel, 0. K. 

Entomological investigations on the leaf-curl disease of tobacco 
in North Bihar. I-IL Indian Jonrn. Agrie. Sci. 7(4): 659- 
670, 1936. 

I. Transmission experiments with some suspected insect vectors. 

II. An alternative host of the virus and the insect transmitter. 
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PucliiLer, H. 

Neue Gedank en Tiber das “Rollen’' iind das ^‘Kranseln” de 
Kartoffelbeattes. Der KartofEelbau 10 : 161-168, 1926. 

Leafroll is said to be due in part to moisture content and relations. 

Purdy, [Beale] Helen A[lice] 

Possible relationship of Stanley’s crystalline tobacco mosaic Virus 
material to intra-cellular inclusions present. Contr. Boyce 
Thompson Inst. 8 (4 1 : 333, 1936. 

This is an abstract of a paper presenteu at the meeting of the 
American Phytopathologieal Sceiety, December 28, 1936, in Atlantic 
City, Neu Jersey. The author stuped Nicotiana tdbacum infected with 
strains of tobacco mosaic virus and found striated material described 
by Iwanowsld (1903) and the X bodies described by Goldstein (1924), 
The striated material or crystals are similar to those obtained by Stan- 
ley’s method. 

Relation of {Stanley’s crystalline tobacco- virus protein to intra- 
cellular crystalline deposits. Contr. Boyce Thompson Inst. 
8(5): 415-431, 1937. 

The author gives a brief review of Stanley's work. The crystalline 
tobacco-virus protein used in these studies was isolated from several 
sources and tested with antiserum. 

^^It is suggested that the intrac^ular crystalline plates may be 
more complex in chemical constitution than Stanley’s erystaUine to- 
bacco-virus protein.” 

*^lt is concluded that the intracellular crystalline deposites are the 
source of Stanley’s crystalline tobacco-virus protein because; A. — The 
two crystalline compounds are present in large amounts. B. — ^There is 
a striking similarity in the gross appearance of the needles precipi- 
tated in the cell and isolated from virus extract. C. — ^The acidity and 
alkalinity at which Stanley reports denatnration of the protein corre- 
sponds dosely to the reactions at either end of the pH range at which 
the intracellular crystals go into solution and are not subsequently xe- 
crystallizable.” 

”It is concluded that concentration is an important factor in the 
intracellular crystallization of tobacco- vims protein.” 


The iutraeellular crystalKzatiou of Stanley’s tobacco virus pro- 
teins. Journ. Baet. (Abstracts 33(3) : 336-337, 1937. 

3Putman D[oland] F. 

Comparative studies in potato vims diseases. Canadian Jonm. 
Ees. C 15(3): 87-107, 1903.- 

Bepoxts and describes potato mosaic under the name of '^ydlow 
mottle”. It belongs to the latent or X vims group. 
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PuttemaHs. Arsene 

Informaeoes sol)re ‘‘Doencas de Degenerescencia” de Batatoira 
no Brasil. (Degeneration diseases of potato in Brasil.) Rev. 
Agrie. Brasil 9(3-41:103-111, 1934. 

A leaf roll disease. 

Qnanjer, H[^drik] Bl[[ariTis] 

Vergelijking tussehen den gezondhertstoestand van sehotsche en 
nord Lollandsehe Pootaardappelen. Tijdscdir. Plantenziekten 
31:7-10. 1925. 

lets over de virusziekten van tropische cultunr-gewassen. (An 
account of some virus diseases of tropical plants.) Landbouwk. 
Tijdsehr. AVageningen 50(611) : 324-338, 1938. 

Aecoimt of virus diseases of tobacco, cassava, Soja, Aradhis, MvM, 
sugar cane and rice, 

Badcot, E[oiaira] N[o6] 

Bi.’u iiu-ai-. Canada Ept. Dominion Botanist 1926:57, 1926. 

Baldgh, W[alter] P[atrick] 

An abnormal an’dft reaction in potato resulting from a Virus 
infection of a wdon on a resistant stock. Phytopathology 26 
(8); 795. 1936. 

The author found that 'when scions containing latent mosaic Tims 
(X-virns; or mild-mosaie-Tirus were grafted on certain stoch^ the 
plants developed a rolling of the leaves and aerial tubers. He says 
that '^Results, thus far, indicate that the general principle of grafting 
infected scions on potatoes to determine their reaction to the virosis 
concerned mav be of much value in studies on resistance to virosis.”’ 

Bamanatha Ayyar, V.. & Balasubratunanjan, B. 

Of-eurrenee of sterile plants in Bengal gi*am, (Cker aritUniDu). 
AIadrab» Agrie. Joum. 21 9 » : 392-393, 1933. 

The authors report the occurrence of this disturbance for three con- 
secutive seasons. After close observations and studies, there was no 
fungi, insects, physiological cause or any other agent to make respon* 
sible for the disease. They concluded judging from the behavior of 
the disease that it is caused by a virus. 

Bamsborn, B. 

Zur Phymologie des sog. Bartoffelabbaus. II t'^ber cine forma- 
tive Virkung von Beteroausin auf das Austreiben von Kar- 
toffelkndllen. (On the physiology of the so-called potato de- 
generation. II. On a formative action of beterauxim on the 
germination of potato tubers.) Plants, 26(5) : 737-750, 1937. 

Bapbad, T. D. 

Virus diseases in straw-berries. Tasmanian Joum. Agrie. n.s. 
8(3): 152-155, 1987. 
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Savas, L. 

Essais (le traitement fu coart-noue. Tests on die treatment of 
“court-noue”). Ann. Eeole Nat Aqr. ilontpellier 20(3 1 : 
213-218. 1930. 

Sawlins. T[lioinas] Ejlsworth], & Takahashi, William N. 

The nature of viruses. Science 87(2255) : 255-256, 193b. 

The autliois call attention to a number o± papeis published during 
the last six years and conclude: “It is obvious that much of the above 
speculation is based on meaner cMdeme; it is presented Tvith the hope 
that it may stimulate further research in this field rather than that 
it may enable the reader to reach a conclusion regarding the nature 
of virus.'’ 

Seddick, Donald 

Seed transmission of potato virus diNeases Amer. Potato Journ. 
13(5): 118-124, 1936. 

A review of the subject and the results of the author's experiments. 
In the first part of the paper the author says: “Transmission of any 
virus diseases through the true seed of the potato has not been estab- 
lished with certainty.'' In the summary he says: “Seed transmission 
of the potato disease aeropetal necrosis, caused by a virus occurs in a 
low percentage of cases. Some evidence is presented which indicates 
that entry of the virus into the embryos may be affected by the pollen." 
“Inferential evidence that aeronecro^ and leaf-roll, also caused by 
virus, may be transmitted through the true seed is also presented. 

Seed, H[oward] S[pragae] 

Cytology of leaves affected with little-leaf. Amer. Journ. Bot. 
26(3) :174r-186, 1938. 

Beeves, Enoch L. 

Mottle leaf of cherry. Washington State Hort. Assoc. Proc. 
31:85-89, 1935. 

Popular. Thus far the disease has been transmitted by budding and 
grafting only. 

Beinking, 0[tto] A[a^t] 

Bean mosaics, their relation to the eannii^ crop. Ganner 84 
(17) : 20, 1937. 

A popular review of the situation. 

Bhoads, A. 8. 

Observations on psorosis of citrus trees in Florida. Citrus Ind. 
18(5) : 8-9, 16-17, 1937. 

A summary of our knowledge of the subject and results of surveys 
made in 1927 and 1936. 
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Rhode, G. 

Kahmangelerbeheinungen und Kartoffeln. Kali im Stoflfweehsel 
der Pflanzen unter besonderer Beriicksicbtigung der Kaliman- 
gelers-eheinimgeii au Kartoffeln D. Kartoffelbau 19(1) : 73- 
78, 1935. iD. Kartoffelhandel 21, Xo. 47, 1935.'^ 

Richter, H. 

Bine noeh nieht anfgeMarte Lupiii-krankheit. (A hitherto un- 
explained Lupin disease.) Xachriehtenbl. Deutseh. Pflan- 
zenschutzdinst. 14( 9 • : 81-82, 1934. 

An obscure disease ^th symptoms of Tims diseases. 

Dip Gelbsucht <lpr Sommera'iteii. ^ Yellows of China asters.) 
Xaeher T>. Deutseh.. Pfl. Seh. Dienst. 16(7^ : 66-67. 1936. 

A report on the pre'^enee of this disease in Germany. 

Riemsdijk, J. P. van 

Physioh»<?i'-«di Ondei*-zoek van tie Vergelmsziekte" van Voeder- 
beiten en de sphade dor «U/e Ziekie Ceweegebraeht <Physio- 
investigation of and damage done by yellowing disease 
ot ft diler beets \ Ti.idseln-. Plantenziekteii *11 12 : 317-329, 
19-{5. 

hi diheated plants the di\ content of the leaves is larger than 

iL he plants; the tliT eontentb of the roots less; and number of 
leaves greater. There is an accumulation of starch in the leaves which 
Is due to a disturbance of the translocation. 

Rienhoff, William Sr. 

Print-iplps and ftiible^ td' eaiirer research in regard to etiology 
and nature. Vaverlv Press, Inc., Baltimore, Marvdand 200 
p., 1936. 

The author is a Doctor of Medicine and disensses the subject from 
the standpoint of his profession. The book is interesting to the plant 
pathologist because several pages are devoted to virus diseases of plants. 
The uurk ii> summarized in pait as follows: 

<<The cancer cell is a dnalistic organism in constitution and action, 
consisting in a living filterable vims and a fixed living body celL The 
interaction between the two is that of an actual cell invasion of the 
germ into a cell deficient in its impermeability; and to its progress 
into the nucleus where cancer development really starts. Sarcoma is 
the outcome of a germ invasion in sub-cutaneous lesions, by a circuitous 
route directly into a primarily damaged cell; cancer is the outcome 
of an invasion by a direct route into a defective cell of external or 
internal surfaces in the process of repair or regeneration/' 

This paper is worthy of the attention of the students of both animal 
and plants viruses. 

Protpin-^iruf? as a morbific factor. A mimeograph manuscript, 
10 p., 1937. 

For comparison with pages 92 and 125 of the preceding. It is de- 
voted entirely to a vims and attention is given to the recent work of 
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Stanley. It is unfortunate that it was not published in a journal 
which would give it a wider distribution than it can receive as a 
mimeograph publication. 

Baiiuniith, E[r]ist] F[Tiedrich] 

Virusinfektion und abbau. (Virus infeetion and degeneration.) 
Kraiike Pflanze 14(5) : 81-86, 1937. 

Bietsema. 1. 

De mozaiekziekte der Franboszen. (The mosaic disease of rasp- 
lien-ies.) De Fruitteelt 28(12) : 206-212, 1936. 

A study of the varietal resistance to the disease and efforts to de- 
velop resistant strains. 

Biker, A[lbert] JCoyce], & Biker. Begina (Emma) S[tockhaiisen] 

Introduction to research on plant diseases. Published by the 
authors at Univ. Visconsin, 1936. 

Chapter YI is devoted to methods for the study of virus diseases. 

Bischkow. V[itolij] L. 

(Mutations and diseases of the chloroplast.^ Moseou, 192 p., 
1933. 

Contains a dis<-ubsion of chlorosis, mosaic and related virus diseases. 

& ELaratschevsky J., & Micbailova, P. V. 

Iteber die Pruehtverholziing bei Toma ten. Yerlaufige Mittei- 
limg. (On the woodiness of frii^t in tomatoes. Prelimin^ 
note.) Zeitschr. Piir Pflanzenkrankh. n. Pflanzenschutz. 43 
r8-9) : 496-498, 1933. 

A brief description of a disease of tomatoes believed to be a pre- 
viously undeseribed virus disease in the Crimea, characterized by woodi- 
ness of the fruit as reported on passion-fruit from Australia, known 
as ‘‘stolbur’'. 

Tltra virus und Immunilat, (ntra^ums and immunity. ) Rpt. 
3rd. Tnt. Congr. Compar. Patho. 1(2) ; 153-166, 1936. 

A review of the subject. 

Immunity of plants from diseases caused by filterable viruses. 
Bull. AppL Bot. Select., 1937, Ser. 2(11) : 81-105, 1937. 

A review of the work done and a bibliography of 70 titles. 

Bivera, V. 

Prospettive di studio uelle malata da virus” nelle piante. 
(Studies on virus diseases of plants.) Nuovo Giornale Bot. 
Italiano Firenze 41(4) : 776, 1934. (Int. Bull. Plant Prot. 9 
(4): 99, 1935. Atti Della Soc. Prog. Sci. 23(3) : 139-140, 
1935.) 
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Boland, 6. 

Bf^ude de ’a jaunissr de la betterave. ‘ ytudy on l*"et yellow- 
liev. Patli. Ent. Aoi'ic. 23:185-207, 1936. 


Rei’^relu^ sui la .laiiiii-ssc de la letiera^e quelque^ v ’'nervations 
'Ur hi ’ .osaique de oette plants. Ecsearch on siigai bt it yoi- 
lowmg. togrether -^ith some observations on mot^aie )t* th.'s 
^l)e '.e . Suer. Beige 55(11) : 213-217 ; 1 12) : 231-241 , f 13 > : 
26:H-2G8; a4): 289-293, 1936. 

The yellowing shows accomalation of starch in the leaf and gnir- 
mosis in the phloem. It is transmitted hj grafting and by Mysus pet- 
sieae and Aphis fabae but not sap inocnlation. It resembles potato 
leaf roll. It overwinters in the roots. The symptoms are intensified 
by light and dryness. The mosaic shows a variety of symptoms which 
makes a definite description difficult Myzus penicae is a vector. The 
symptoms are retarded by light. 

Bosen, H[arr 7 ] B[obert] 

Mosaic disease of roses in Arkan«;as. TM.D.A. Plant Disease 
Kept. 19(2): 98-99, 1935. 

Bosenfdd. Arthur H[iiiton] 

Some notes on varietal resistance to ^streak disease in Egypt and 
Natal. Intern. Sugar Joiirn. 40 f 471) : 99-100, 1938. 

Bosa, A. Frank, & Vinson, C[arl] G[eorge] 

ilosaic disease of tobacco. Action of proteoclastie enzymes on 
the Virus fraction. Nature of the virus from various species 
of plants. Missouri Agric. Expt. Sta. Res, Bull. 258, 19 p., 
1937. 

The authors conclude that the inactivation of the virus by trypsin 
is the result of absorption. Pepsin inactivates slowly and at pH 3. 
The authors studied virus preparations from 19 species of plants. They 
describe a method of purij^ring viruses. The authors believe that the 
inactivation of a virus is the result of adsorption and not to the en* 
zyme action of the host plant. 

& Stanley, Wfenddl] M[6redith] 

Partial reactivation of foi’maiized tobavco mos>aie virus protein, 
Proc. Soc. Expt. Biol. & Med. 38'2 1 ; 260-263, 1938. 

Tobacco mosaic virus protein that had been partially or completely 
inactivated by formaldehyde was made active by dialysis at pH 3. 

Rons, L. 

Essais i-ontre le court-noue. {Experiments on the control of 
‘•(-o'-rt none”.) Progr Agr. Yitie. 107(12) : 295-287, 1937. 

A qioit on failures to control the disease. 
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Snhland, W. 8s Mchael, G. 

Ziir Phj-siologie des sog. Kartoffelabbanes. 'On the physiology 
of the so-called potato degeneration. 1 Ber. Verb. Ata ri. Wiss. 
Leijjzig 88a) : 3-10, 1936. 

A study of physiological disturbances. The writers are of the opi- 
nion that their observations do not conflict with the virus disease theory 
of degeneration. 

Ryakhovski. N. A. 

(DetermiiiatiorL of the iiijurionsiiess of tomato diseases and 
method for ilieir eonlrol.'l Plant Prot. Leningrad. 1935: 88- 
91, 1935. 

Sabaschnikoff. A. W. 

Der Kartolfelabbau iind die Bekampfungmittel. Osteurop Land- 
Zeitg. 13(12): 1-6, 1936. 

SalamaxL S[edcliffe] N[athan] 

Report on a seheine for raisnia virus free potato stock. Cam- 
bridge School Agi'ic. ^lem. 7, 41 p., 1935. 

Immunity to virus diseases in plants. Third Cong. Pathol. Int. 
Comparee. Athens, 1936, 1 : 167-178, 1936. 

A very excellent review of the subject including comparisons with 
immunity in animals. The author says: “The study of immunity in 
plants has suffered not a little from tiie application to it of ideas bor- 
rowed from animal immunology. Such views have dictated the expe- 
rimental approach of many workers to the problem, no less than the 
explanation of such results as have been obtained, and of the phenomena 
observed in nature.” 

Acquired immunity^ against the potato virus. Nature 

(London) 139 (3526) : 924r-925, 1937. 

This paper describes tobacco plants completely immune and potato 
plants partly immune against the virulent form. It was obtained by 
transmitting the virulent form through SoJiigiantTws retusvs or into the 
root fibers of tobacco plants. 

Plant viruses and their relation to those affecting man and ani- 
mals. Lancet 232 : 827-833, 1937. 

This is a lecture given before the Southampton Medical Society, 
January 13th, 1937. It is a review of our knowledge of the subject. 
The author concludes by saying: “Although the incidence of virus 
diseases in onr field and crops and glasshouses has undoubtedly in- 
creased, there is no reason for undue pessimism. What is needed is 
more research on virus diseases and a closer understanding between the 
pathologist and the plant breeder. It is the latter who needs to realize 
that when by his breeding methods he gives us a large and ever larger 
crops, bigger and whiter fruits, and the like, he has almost certainly 
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discarded in route a number of hereditaiy genes whidi alone or in com* 
bination •with other may be responsible for that vague but important 
character-constitution. * ^ 

Salmon, E[Tnest] S[tandley] 

On the appearance of sterile dwarfs in Hiimvlus lupidus L. 
Jonm. Genet. 3:195, 1914. 

& Ware, W[illiam] MCelviUe] 

Nettlehead disease of hops. Jonrn. iSonth Eastern Agric. ColL 
27:95. 1930. 


Diseases of hops. Joum. Inst. Brewing n. s. 41(6) : 235-237, 
1935. 

Becognizes 3 virus diseases — ^nettlehead, mosaic and ehlorojic diseases. 

& Ware, W[il]iam] M[elviUe] 

Dept, of Mveologv. Jonrn. South Eastern Agric. Coll. Wye, 
Kent. 37:15-28, 1936. 

A record of a vims tip which is called “fluffy tip.” 

Fungus and vims diseaises of the hop. II. Joum. Inst. Brew. 
42'4l’:lb4-lb6. 1936. 

Includes one new disease iwobablj" due to a vims, “fluffy-tip” or 
“bnnchjr-top”. 

Sastri, B. M.. & Sreenivasaya. ]y[[ontna}ialli3 

Inseet tranmisdon of ^ike-disease. Current Sei. 3(1} : 27-28, 
1934. 


Physiology of the spike disease of sandal. Proc. Indian Aead. 
Sei. 3(6):444r449, 1936. 

Scammidl. H. B. 

Cranberry false blossom from the viewpoint of the grower. Proc. 
Wisconsin State (’ranbeiTv Grow. Assoc. 44: &-11, 1931. 

Schander. Staar 

Berieht iiher die Tatigheit Jes lustituts fiir Pflanzenkrankheiten 
l!‘2ft-:l0. Laudw. Jahrb. 72:62-91, 1930. 

Considers mosaic a disease of the nucleus. 

Scharff. J. 

Celery mosaic. California Cult. 83 1 24 ): 818-819, 1936. 

Schenk. P. J. 

Ziektenhestrydiiig bij AmarvUls en Glosihie. Ploralia 55(10) : 
147-148, 1934. 

A disease of Gloxinia supposed to be due to a vims and a mesaio 
disease of AmaiylUa. 
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Sdiick, E. 

Die Wiehtigsten Viraskrankheiten der KartofEeln. Ihre Bedeu- 
tong fiir den Abbau und ihre BeMmpfong. A. ^Vletzner, 
Berlin, 40 p., 1936. 

Schlnmbwger, Otto 

Abbankraukbeiten der Kartoffel. Wochenbl. Landesbautemscb. 
Sa. (Preistaat) SdrS) :432, 94:131-132, 1936. 

Schmidt, E[nie8t] W[illy] 

The beet bug. Can-ier of a dangerous virus disease. Brit. 
Sugar Beet Rev. 10(21:43-46. 1936. 

Popular. 

Schmidt, M. 

Die Massuahmen ziir Yermeidung der Krauselkrankhelt der 
Futter-imd Ziickerriibeu. D. Kurmark. Bauer, 1934. 

Schneider, G[eorge], Schlumberger, 0[tto] & Snell, K[arl] 

Yersuehsergbnisse auf dem. Gesamtgebiete der Kartoffelbaus 
in den Jaliren 1923-26. Xaeh. den Berieliten der Eartof- 
felversucbastelden bearbeitet. Mitt. Biol. Eeindsanstalt. f. 
Land-u. Forstwirtsehaft 36:125, 1928. 

Studies on mosaie. 

Schreven, D. A. van 

(The yelloving disease of sugar beets and its cause.) Meded. 
Inst. Suikerbieten, 6(1): 36, 1936. 

This is a brief review of the most important chlorotic diseases of 
sugar beets in Europe and includes both virus and physiological diseases* 

Schultz, E[ugene] S[chultz] et al. 

Degeneration diseases of potatoes. Maine Agric, Expt. Sta. Bull. 
377:348-350, 1934. 

et al. 

Nature of virus diseases. Maine Agric. Expt. Sta. (Prog. Ept.) 
Bull. 380:162, 1935. 

et al. 

Comparison of two aphids species regarding transmission of mild 
mosaic, leaf roll and spindle tuber. Maine Agric. Expt. Sta. 
Bull. (Prog. Ept.) 380:168-170, 1935. 

& Ealeigh, W[alter] P[atrick] 

Acquired resistance of potato to latent mosaie. Phytopathology 
(Abstract) 26(2): 107, 1936. 

& 

Reaction of Green mountain potato seedling to composite infec- 
tion of a mild and crinkle mosaic and different types of latent 
mosaic Virus. Phytopathology (Abstract) 26(2) : 107, 1936* 
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Ss Clark. C. P., Stevenson P. J., & Baleigli, W[alter] 

P[atrick] 

Resistant of tlie potato latent mosaic. Amer. Potato Jonm. 14 
• 4^ : 124-127, 1937. 

Tlie results of some cross breeding. 

Raleigh, W[alter] P[atrick], Stevenson, P. J., Bonde, 

Rdner & Beanmont. J. H. 

Recen* developments in potato breeding for resistance to vims 
diseases. Phj'topalhology 27( 2) : 190-197, 1937. 

A record of very important studies on mild mosaic, veinbanding mo- 
saic, spindle tuber and leaf rolL 

Schuster. L. 

Ein gefalirlielipr ZufkHri'nbeii-si^hadling. Xaturforsehr 12(12' : 
415-416, 1936. 

The author believes that the beet leaf bug Piesma quadrata (Zosme- 
niLS quadratus} is the vector of crinkle. 

Schwartze, C. D., & Huber, Gleu A. 

Aphis resistanoe in breeding mosaic-escaping red raspberries. 
Science 86(2224) : 15S-159, 1934. 

The author concludes by saying that resistance probably results from 
a ladE of suitable food for the insect rather than the presence of an 
active repdlent substance. 

Schwirzer, J. 

Tjemara-ziekte bij tabak. Besvekisch Proefstat. Meded. No. 60: 
1-28, 1933. 

Scott, G. T. 

New curly-top resistant strains of beets. West. Irrig. (San 
Francisco 1 18^2’>:7, 1933. (Facts About Sugar (Abstract) 
31:151, 1936,'! 

Popular. 

SeastoBe, C. V., Loring, H. S., & Chester, E[eimeth] S[tarr] 

Anaph3daxis with tobacco mosaic virus protein and haemocyanin. 
Jonrn. Immunol, 33<5' : 407-418, 1937. 

The results of these studies are summarized as foUows: ‘^The ana- 
phylactic properties of the tobacco mosaic virus protein and the hemo- 
eyanin of Limuhis polyphemus have been studied in sensitized guinea 
pigs in vivo and by means of the Sdiultz-Dale method.’’ 

The results demonstrate that the tobacco mosaic virus protein is 
anaphylactogenic when tested in vivo, bnt in agreement with previotudy 
published data falls to cause smooth muscle contraction when tested 
fiz vitro. 

The results of the esperiments with the hemocyanin of JAmulfus poly- 
plifvms demonstrate that his protein is anaphylactogenic when tested 
by either of the above methods 
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Sesa, S. V. 

Sclieme for research on mosaic and other diseases of sugar cane. 
Seient. Rpt. Agric. Ees. Inst. (Pnsa) 1933-34:154-167, 1936, 

Severin, H[e]ii 7 ] H[erman] P[aiil], & Freitag, Julius H[erman} 
Ornamental flowerii^ plants naturally infected with enrly-top 
and aster yellows virnses. Hilgardia 8(8) : 223-260, 1934. 

Fourteen species of ornamental plants in 13 genera belonging to IQ 
families have been found to be naturally infected with curly top in 
California. * ’ 

Shapovalov, M[ichael], & Dnfrenoy, J[ean] 

Un virus infeetant des solanees et des plantes d ’ornament dans 
le sud-ouest de la Prance. (A virus infectious to the orna- 
mental Solanaceous plants of South West Prance.) Compt. 
Bend. Soe. Biol. (Paris) 123(31) : 696-698. 

This disease attacks Lycoptrsicon ebculentum, XKOtiam fahacum,. 
Dahlia sp. and Callistephus sinensis. It is transmitted by Thrips tahaci^ 

Shatova, E., & Erivin, B. 

(The elaboration of methods of TOological plant examination.) 
Summ. Sei. Res. Work Inst, Plant Prot. 1935, Leningrad, p. 
507-509, 1936. 

Sheffield, Frances M[arion] L[ena] 

The susceptibility of the plant cell to virus diseases. Ann. AppL 
Biol. 23(3): 498-505, 1936. 

The author used aueuba mosaic (yellows strain) of tomato and to- 
bacco mosaic (Johnson's No. 1) as the viruses. The host plants were 
Solanum nodifiomm, 8, lyeopersicum, Nicotiana tabaaim and N. ghM- 
nosa. His results are summarized as follows: number of spray- 

ing experiments showed that the virus cannot enter a plant unless some 
of the cells are injured. It is not essential that such injury ^ould 
be brought about in the presence of the virus. The chances of infae- 
tion fall off rapidly in the first few minutes after injury, but infec- 
tion occurs occasionally as long as half an hour after this damage* 
^'Inoculations by micropipette into single cells of the hosts plant 
yielded only about one-tenth of the expected number of infections. This 
suggests differences in the snsceptibilily of the cdls to virus attack.’'' 

The role of plasmoderms in the translocation of virus. Arm. 
Appl. Biol. 23(3): 506-^08, 1936. 

The intracellular indnsions may occur in dl the epidezmal cells of 
a large area except in the guard cells. No protoplasmic conneeficms 
could be shown between the goard and other epidermal cells. There- 
fore, the author suggests that the vims is carried from cell to cell by 
the protoplasmic bridges but cannot enter the guard cells because there 
are no protoplasmic eoimjeotions. 
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The histology of the necrotic lesions induced hv virus diseases. 
Ann. Appl. Biol. 23(4) : 752-758, 1936. 

The author stimulated mitosis in Nicotvana glutinosa by iuoeulatioii 
with aucuba mosaie. He describes the uecrosis which follows the nu- 
clear divisious. 

Intracellular inclusions in plant virus diseases. Deux. Cong. 
Int. Biol. 23(3;: 506-508, 1936. 

Shen. C. I. 

Studies in tomosis of cotton. Sinensia, Wanking 7(3) : 293-316, 
1936. 

Silberschmidt, Karl 

0 ino-^aico do fumo. ( Tobacco mosaic. ) 0 Biologico (Brazil; 

2/11;: 381-383, 1936. 

Brief popular notes describing the disease. 

A degenerebchenoia da batatinha. ^ Potato degeneration.) 0 
Biologico 3i 9 <: 247-254, 1937. 

Popular discussion of the subject. In his statement the author at- 
tributes degeneration of potato to virus disease. He discusses several 
of the different types of potato virus diseases. 

Sinunonds, J[ohn] H[oward] 

Diseases of the tomato. (Queensland Agric. Joum. 45(1) : 5- 

11, 1936. 

Popular. Contains notes on mosaic, spotted wilt, big bud and streaJc. 

Les maladies du bananier. (Banana diseases.) Eev. Bot. Appl. 
& d'Agric. Tropic, 16:296-301, 1936. 

Simpson, G[eddes] W. 

Insects in relation to the transmission of virus diseases of po- 
tatoes. Maine Agric. Bxpt. Sta. Bull. 377 : 351-353, 1934, 

Insects in relation to the transmission of virus diseases. Maine 
Agric. Expt. Sta. Bull. 384:427-428, 1936. 

A report of progress. 

Skudema. A. W. 

Effects of time of planting and of fertilizer mixtures on the 
curly top resistant sugar beet variety TJ. S. No. 1 in Idaro. 
r.S.D.A. Cire. 273, 15 p., 1933. 

Small, C. 6. 

Spotted wilt (virus) in New York. U.S,D.A. Plant Diseases 
Rept. 20(14): 226, 1936. 
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Small, T. 

“Little potato” disease. Gard. Chron. 96:128. 1934. 

Popular. 

Smith, A. M., & Paterson, W. Y. 

The study of variety and -i-irus diseases of infection in tubers of 
Solamim tuberosum by the ascorbic acid test. Biocbem. Joum. 
31 (11 1:1992-1999, 1937. 

&nith, Floyd F[ranMin] 

The need of permanent reference collections of insect vectors of 
plant diseases. Phytopathology 27(2) : 198-202, 1937. 

A discussion of the importance of collections of insect vectors and 
more accurate data concemmg them, about one-half this paper is de* 
voted to the vectors of vims diseases. 

Smith, J[ohn] Henderson 

Discussion of recent work on heavy proteins in virus infection 
and its bearing on the nature of viruses. Proc. Royal Soc. 
Med. 31:199-210, 1938. 

A review of our knowledge of crystals in relation to viruses. 

Some recent development in virus research. Ann. Appl. Biol. 
26(2): 227-243, 1938. 

This paper is the address of the retiring president of the Association 
of Applied Biolo^st delivered to the annual general meeting on Friday, 
February 11, 1938. It is a discussion of (1) methods of control and 
(2) nature of the virus. The second part is devoted primarily to the 
works of Stanley, Bawden and Pirie. 

Smith, E[enneth] M[andly] 

Mosaic disease, Gard. Chron. 73:345, 1923. 

An editorial based on InvestigationB on tomato mosaic. 

Mechanism of transmission of plant viruses. Proc. Roy. Soc. B. 
112, 1933. 

Plant viruses and their insect vectors. Fourth Imp. Ent. Oonf. 
Rpt. p. 68-70, 1935. 

The problem of a plant xivw infection. Second Int. Oongr, 
Micro-Biol. London, 1936. 

, & Doncastm:, J. P. 

The particles size of plant viruses. Third Int. Congr. Compar. 
Path. Rpt. 1(2): 179-182, 1936. 

The determination of the particle size of a number of viruses by 
Elford's methods. 
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An air-bome plant vinis. Nature 139(3513) : 370, 1937. 

This virus was obtained by drawing air through cotton wool pads* 
It was treated on leaves of Fliaseolus vulgaris. 


Studies on a virus found in ihe roots of certain normal-look- 
ing plants. Parasitology 29(1) : 70-85, 1937. 

A virus was found in the roots of several species of hosts plants 
which did not show symptoms of disease. NicoUcma tahacum and N* 
glutinosa sometimes showed symptoms, usually on the lower leaves. 
There was no evidence that the virus was carried in the seeds. The 
plants were grown in sterilized soiL The vims was never completely 
systemic in any host plants. The thermal death point is 72° 0. 

Further studies on a virus found in the roots of certain normal- 
looking plants. Parasitology 29(1;: 86-87, 1937. 

This is a record of a continuation of the studies recorded in the 
preceding papers. The virus was found to be a contamination from 
outside sources. It was found in the idudge at the bottom of the water 
tanks and the evidence shows that it was conv^ed m the water to the 
soU and thence to the roots. It is thought to be a transitional stage 
between a pathogen and a non-pathogen. 


A textbook of plant virus diseases. A book of 615 p., 1937. 

A very complete study. One section is devoted to insect vectors. 

SneU, KCarl] 

T'ntersuehiingen liber die Lupiuen-brane (Yiruskrankbeiten.) 
f Investigation on Lupin virus diseases.) Nachriebtenbl. f. d. 
Deutsch, Pflanzensebulz. 15(10) : 90-91, 1935. 

Snyder. W[illiam] 0[o^erth*waite], & Thomas, H. Eex 

Spotted will of the sweet pea. Hilgardia 10(8) : 257-262, 1936. 

This disease is described as streak. Besults of experimental inocula- 
tions and a general discussion are given. 

Sorauer^ Paul C[arl Moritz] 

Handbiieb der Pflanzenkrankheiteu. Erster Band. Die Nicht- 
parasitaren und Yiruskrankbeiten. Zweiter Teil. Secbste, Nen- 
bearbeitete Auflage. VIII: 553 p., 1934, 

Soriano S. 

Enfermedades de ‘‘virus'" de las vegetales (Plant “virus" dis- 
ease.) Kev. Centro Estud. Agron. Univ. Buenos Aires 24 
(144): 207-237, 1931. 

A popular account. 
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Spencer, Ernest L. 

Influence of host nutrition sj&leinic development of tobacco mo- 
saic. Plant Physiology 12(3) : 825-832, 1937. 

Nicotiayia tdbaeum L. was grown in sand enltnres for this work. 
The plants 'nere inoculated with a yellow strain of tobacco mosaic. The 
influence of nutrition was measured by the time required for the virus 
to reach and produce symptoms in the apical leaves. 

Symptoms appeared earlier in plants that had received a minimum or 
excess of nitrogen than in those that had received a medium amount. 

Symptoms appeared earlier in plants that had not received phosphorus 
than in those that had received an excess for one week before inocula- 
tion. These plants showed symptoms earlier than those that had re- 
ceived an excess for 2, 3 or 4 weeks before inoculation. 

The appearance of symptoms was eorrdated with excess of potasdum. 

^^It is concluded that the systemic development of the disease was 
accelerated by high-nitrogen nutrition and retarded by either high- 
pho^horus or high-potassium nutrition. The rapidity with whidi symp- 
toms of systemic infection developed showed no apparent corr^tion 
with the distance the virus had to travel to reach the growing tip.^' 


Seasonal variations in snseeptibility of tobacco to infection with 
tobacco-mosaic virus. Phytopathology 28(2) : 147-150, 1938. 

The author summarizes the results of his studies as follows: 
study invohing weekly tests over a period of 2% years showed defi- 
nite variations in the susceptibility of small TurMifli tobacco plants to 
infection with tobacco-mosaic virus. Susceptibility was high during 
early summer, a period characterized by high temperature and long 
duration of sunshine, and low during late winter and early spring. 
The incubation period of the disease within the plant showed a direct 
correlation with seasonal fluctuations in light and temperature, being 
short during early summer and long during the winter months.” 

Spieckennaiii), Albert] 

Wie sehiitze ich mich gegen den Abban der Kartoffdnf 
Wochenhl. Landesbanei-nsch. "Westf. 1239, 1935. 

Spierenbnrg, Dina 

Een Virusziekte in Lupinen. (A virus disease of lupine) 
Tijdsehr. Plantenziekteu 42(3) : 71-76, 1936. 

A disease causing dark stripes and spots on the stems. The leaves 
become violet-brown, wrinkled and the tops die. 


Ben Virusziekten in Lupinen. (A virus disease of lupines.) 
Tiidschir. Plantenz. 42(9} : 25^254, 1936. 

Continuation of previous observalaons. 
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Spinks, G. T., & Glothier, C. E. 

The incidence of “reversion” in seedling black currants and in 
Bciones derived from them. Agric. & Hort. Res. Sta. Univ. of 
Bristol. Rpt. 1936;58-«6, 1936. 

Studies were made on 2,500 seedlings. Beversion was foond on a 
few four year old plants but the majority remained healthy for six 
years. Some remained healthy for ten years, ^stematie roguing gave 
good results but did not eliminate the disease. It is believed that in 
some cases the disease was latent for two years. There was no correla- 
tion of occurrence between reversion and big bud. 

Sreeiuvasaya, M[oiitiiahaIli] 

Infectivity of various tissues of spiked'^ sandal and studies in 
the resistance of sandal to ‘‘spike’’ disease P.art. I. Ind. 
Sci. Cong. Proc. (Calcuta) 17:313, 1930. 

Stanley, W[endell] m[ereditli] 

(Chemical studies on the virus of tobacco mosaic. VII — An im- 
proved method for the preparation of crystalline tobacco mo- 
saic-virus protein, Journ. Biol. Chem. 116(3) : 677-678, 1936. 

This is a description of a method in which the author used ammo- 
nium sulfate, celite and calcium oxide. The yield of the crude twice 
precipitated globulum was increased to about 8U percent. 

Krystallinziertes Tabakmosaikvirus-Protein. (Crystalline tobacco- 
mosaic virus protein. ) Chemiker-Zetg. 60 : 778, 1936. 

A note. 

Crystalline tobacco-mosaic virus protein. Amer. Joum. Bot. 
24(2): 59-^, 1937. 

This is a sommary and discussion of all the work of the author on 
this subject. The virus is protein in nature; the size of the molecule 
lies between the previously recorded values for tobacco mosaic virus. 
This crystalline protein could not be found in normal plants. The 
product from Burley tobacco in England is the same as the author 
found in the United Statea It is possible that this protein may be 
inert and the carrier of the very small amount of an active virus agent. 
As a result of these studies it appear possible that protein molecules 
may be listed with living organisms. 

A comparative study of some effects of several different viruses 
on Turkish tobacco plants. Phytopathology 27(12) :115S^ 
1160, 1937. 

The author summarizes his resolts as follows: Tobacco-mosaic, 

aucuba-mosaic, masked-tobaeco-mosaic, green- or yellow eueumber-mosaie, 
severe-eteh, tobacco-ring-spot, and latent-mosaic viruses, when inoculated 
to small, medium-size, or large Turkish tobacco plants, stunt the growth 
of the plants. Tobacco and aucuba-mosaic viruses stimulate protein me- 
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tabolism, hoYrevex, so that, even though the groTH:h of the plants is 
stunted, the total protein produced by the diseased plants is greater 
than that of normal plants. All of the other viruses studied caused a 
decrease in the total protein produced by the plants. Although severe 
symptoms and an increased protein content were characteristic of the 
tobacco and aucuba-mosaie diseases, there appeared, in general, to be 
no direct correlation between the protein content of the diseased plants 
and the severity of the disease symptoms. The drst extracts of frozen 
macerated plants were found to contain from 80 to 90 per cent of the 
extractable protein nitrogen in the plants. The extracts of plants dis- 
eased with tobacco-or aucuba- mosaic viruses were found to contain 2 
or 3 times more protem nitrogen than the extracts of normal plants. 
This increase in protein nitrogen was found to be due to the production 
in diseased plants of large amotmts of high molecular weight virus pro- 
tein. The relationship between virus protein and intracellular crystal- 
line deposits is discussed. 

Isolation and properties of virus proteins. Ei^ebuirse Pbys. 
BioL Chem. Bsp. Phar. 39:294-347, 1937. 

A very thorough and comprehensive review of the subject including a 
discussion as to whether the viruses may be low types of living or- 
ganisms. 

Some biochemical investigations on the ciystalline tobacco-mo- 
saic virus proteins. Amer. Phil. Sac. Proc. 77(4) : 447-453, 
1937. 

This paper is a summary of the biochemical and serological studies 
of virus proteins. He says: is felt that the results fully justify 

the condusdon, for the present at least that this unusual high mole* 
cular weight protem is actually tobacco-mosaic vims.'’ 

Virus proteins. A new group of macromolecules. Journ. Phys. 
Chem. 42(1) : 55-70, 1937. 

The author discusses the nature of vimses and gives the results of 
experimental studies. He says: '^Despite its tremendous siz^ tobacco 
mosaic virus protein has many of the ordinary properties of molecules. 
In addition, however, it possesses virus properties which includes the 
ability to reproduce and to mutate ^eeificily of action with xei^ect to 
host, and the ability to induce immunity. I^veral vims proteins, some 
from other plant di^ases and some from animal and baeterial diseases, 
some larger and some smaller than tobacco mosaic vims protem, have 
been isolated and are now under investigation in various laboratories. 
The vims proteins thus represent a new group of maeromoleenles which 
are considerably larger than those of any group of proteins hitherto 
described. Because of its trem^dous size, the air-driven quantity cen- 
trifuge and the ultra-centrifi^re are peculiarly adapted to the isolar 
tion and study of the virus proteins. Since the virus protein possesses 
vims activity and certain properties characteristics of orgai]ism% as 
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^ell as the properties of molecules, any attempt at this time to dasdfy 
them definitely as molecules or as organisms should be one solely of 
convenience. Hoi;\ever, their characterization as molecules is providing 
a new experimental approach to the general problem of the nature of 


Chemical studies on the Tirus of tobacco mosaic. VIII — The 
isolation of a crystalline protein possessing the properties of 
aucuba mosaic virus. Joum. Biol. Chem. 117(1) : 325-340, 
1937. 

The author reports the isolation of a crystalline protein which has 
the properties of aucuba mosaic virus. Its activities are the same or 
very similar to the activities of tobacco mosaic^virus but the crystals 
are larger, the solutions more miky and opalescent and its solubility 
lower. He believes that two different strains of a virus give rise to 
two different proteins. 

Chemical studies on ^irus of tobacco mosaic. IX — Correlation 
of virus activity and protein on centrifugation or protein from 
solution under various conditions. Journ. Biol. Chem. 117(2) : 
755-770, 1937. 

The rt suits demonstrated that in solution at different hydrogen ion 
coueenlialion and in tlie presence of other proteins the virus activity 
reanin^ ■*\ith the high moleeular weight, protein and is evidence, there- 
fore, that the virus activity is a specific property of the high mole- 
cular V eight protein. 

riieiuical studies on the virus of toba(‘co mosaic, X — The activity 
and jield of virus protein from plants diseased for different 
periods of time. Joum. Biol. Chem. 117(1) : 205-217, 1937, 

These studies are summarized as follows: The increase of tobacco 
mosaic virus protein in Turkidi tobacco plants has been determined by 
isolathig the virus protein in plants diseased for different periods of 
time. The efficiency of the isolation technique was determined by isolat- 
ing virus protein from artificially prepared mixtures containing known 
amounts of virus protein. It was found that about 40 per cent of the 
virus protein can be isolated from plants containing only about 1 part 
of virus protein per 100,000 parts of plant materiaL Virus protein 
in Turkish tobacco plants was found to increase from an estimated 10 
mg. per gm. of plant material to about 3 mg. per gm. of plant mate- 
rial during the coarse of 5 weeks. Virus protein in inoculated leaves 
was estimated to increase over a million times during a 4 days period. 
Although the virus protein content was found to reach a nmji’m-mifi 5 
weeks after inoculation, the rate of increase was found to be greatest 
during the first 3 weeks. The tot^ nitrogen content of extracts of 
diseased plants was found to remain about constant over long periods 
of time, whereas the protein zdtrogen content was found to increase 
reach a m a ximum and then to decrease. The amount of low 
weight protein was found to decrease as the amount of the vims pro-^ 
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tein increased. Xo significant difference was found in the vims ac- 
tivity of protein obtained from plants that had been infected for from 
2 to 13 weeks, although that of protein obtained from plants infected 
for only 1 week was significantly ICfrS. 


The inactivation of ei*\’j!>talline to])aeco-mofc.ai(‘ vim's protein. 
Science 83 2165) : 626-G27, 1936. 

The author lefers to hi** previous work and ^a^s: '‘It has now been 
‘d .ad that tieatment oi thi aeti\e piotein with hydrogen peroxide, 
formaldehyde, nitrous acid or ultra-violet light produces inactive native 
proteins that, although slightly altered, retain certain chemical and 
serological properties characteristic of the virus protein.” 

He follows a description of these studies with this statements: “As 
a whole, the preliminary results indicate that only slight changes occur 
in the protein molecules on inactivation by the four methods mentioned. 
Although there is always a possibility, as with any apparently pure 
substance, that the crystalline tobacco mosaic virus protein may con- 
sist of two closely related components, one active and the other inactive, 
the available evidence indicates that the virus activity is a spedfic 
property of this high molecular weight protein. It appears likely, 
therefore, that the dight changes iu the protein, which result from 
treatment with formaldehyde, hydrogen peroxide, nitrous add or ultra- 
violet light, cause it to loose its ability to infect susceptible planta'^ 


Some biochemical investigations on the crystalline tobacco-mosaic 
virus proteins. Proe. Amer. Phytopathological Soc. (Abstract) 
77(4): 447-453, 1937. 

& Wyckoff, Ralph W[alter] G[raystone3 

The isolation of tobacco ring spot and other virus proteins by 
ultracentrifugation. Science 86(2198) : 181-183, 1937. 

The authors report the isolation of a high molecular wdght crystal- 
line protein, possesdng properties of ring ^ot virus but different from 
tobacco mosaic virus protein. They used the ultracentrifuge method. 

Stevens, N[eil] E[yerett] 

More about false blossoii. Nat. Cranberry Mag. 2(12) : 5-6, 
1938. 

Stevenson, J[ohn] A[lbert] 

Further notes on the distribution of the witches’ broom of black 
locust. U.S.D.A. Plant Disease Rept. 22(9): 148, 1938. 

Stoddard, E. M. 

Progress report of ihe “X” disease of peach. Proe. Conneetieut 
Pomol. Soc. 46:25-27, 1935. 

Appears to be a new virus disease. 
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Stone, Winona E[niyle] 

Growth, chemical composition, and efficiency of normal and mo- 
saic potato plants in the field. Joum. Agric. Res. 62(4) : 
295-309, 1936. 

Mosaic potato plants lengthen more slowly and produce more leaves 
of less surface than normal plants^ The total leaf surface is greater 
in the normal plants. The green weight per area is less in diseased 
than in normal plants, but the dry weight in diseased plants was greater 
per unit area than in the normal plants. 

Storey, H[arold] H[aydon] 

Report of the Plant Pathologist. East Afric. Agric. Res. Sta* 
Ann. Rpt. 1936:11-14, 1936. 

The author reports two types of cassava mosaic, severe yeUow mo- 
saic, and extreme leaf distortion. 

Virus diseases of East African Plants. IV-VI. East African 
Agr.e. Jonrn. 1'4): 333-337 c6): 471-475, 1936. 2a):34- 
39, 1936. 

X continuation of a series of popular papers. Popular discussion of 
streak of maize and diseases of cassava. 

A ntw virus of maize transmitted by Cicadidina sp. Ann. AppL 
Biol. 24a):^^7-94, 1937. 

A ilebcription of a new disease whieix is transmitted by OieaMImui 
mhila. 

Stubbs, M[erl] W. 

Vicoses of the garden pea, Piaum sativum. Phytojiathology (Ab- 
stract) 26fl): 108-109, 1936. 

Certain viroses of the garden pea (Pisiim sativum). Phyto- 
pathology 27 1 3 : 242-267, 1937. 

A study of pea-mosak viruses and tobacco ring spot virus. One 
mosaic virus was found to be distinct and designated as pea virus I. 
It causes enation pea mosaic. Three other pea mosaic viruses were 
found to be strains of a single virus and designated as pea vime-2. 
A causing marble pea mosaic, pea virus 2-B causing speckle pea mo- 
saic and pea virus 2-C causing mild pea mosaic. Tobacco ring spot 
^urus was also described. All the pea-mosaic viruses studied were trans- 
mitted by MacrosipJium phi and by extracted juice when carborun- 
drum was used for making the inoei^ations. 34 varieties of peas were 
found to be more or less susceptible to pea virus 1 and tobacco ring 
spot virua Six varieties were not susceptible to the strains of pea 
virus 2, Pea virus I was inactivated by a dilution of 1 to 300 and 
4 days aging tn vitro. Peas and sweet peas were reported as new 
hosts of tobacco ring-spot virus. It is probable that pea mosaic may 
be caused by other virusea 
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Snlxrahimuiyaii, V. 

Investigations on the spike disease of sandal I-IV. Bangor, 
1931-32. Indian Inst. Sci. 1933. 

Summers. E[aton] M[droy] 

An investigation of types or strains of the mosaic vims of sngar 
eane in Louisiana. lova State Joum. Sci. 11(1) : 118-120, 
1936. 

The author refers to four strains previously deseiihed and 'Qtea g^ves 
evidence indicating the existence of otiier sbains. (This paper is an 
ahstraet of a doctorate thetis.) 

Svrarhrick, T., & Thompson, C. B. 

Observations upon the incidence of “Reversion” and the control 
of “Big Bud” in Black Currants. Long Ashton Res. Sta. Ann. 
Rpt. 1931, p. 101, 1931. 

& Berry, W. E. 

Further observations on the incidence and spread of reversion 
and big bud in black currants. Dniv. Bristol Ann. Rpt. Agrie. 
& Hort. Res. Sta. p. 121r-232, 1936. 

A study of the spread of the disease. The e'videnee indicates that 
the big bud mite is an important factor but there may be other agen- 
cies. 

SwarteK A. A. 

Bestaat or eeii Terband tureelien het voorkomen van “black 
heart en het obtreden van virusziekten bij den aardappelt 
(Does a causal relation exist between the occurrence of black 
heart, and of tous diseases of the potato?) Plantenziekten 
42(9): 241-252, 1936. 

The author has not been able to detect any relation between blade 
heart and virus diseases. 

Onderzoek van Ziekteverseliijnselen bij Fragaria. (Research 
work on degeneration diseases of strawl)erries.) Agriculture 
(Louvain) .41(1): 1-10, 1938. 

Takahashi, William N[obora], & Bawlins T[homas] E[lswort}i] 

Stream double refraction of preparations of crystalline tobaeeo- 
mosaxc protein. Science 86(2195) : 103-104, 1937. 

This is a continuation of previous work by these anthers. They 
prepared protein according to Stanley’s method and say: If the 

eiystal preparations are pure these results indicate that a mgnifieant 
portion of the virus in the crystals has become inactive during the 
puridcation process and that this inactivation is greatest in the 
preparations.” 

Tasugi, H., & Ikeno S. 

(On the mosaic disease of lilies.) Ann. Phytopath. Soc. Japan 
3:91, 1934. 

A note. 
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Taubeziliaiis, J[acob] J[osepli], & Alstatt 6[eorge] E. 

Texas Agricultural Experiment Station Ann, Bpt. 49 : 96, 1936. 

A record of several new hosts for spotted vnlt of tomato and curly top 
of sugar beet. 


& - 

Curlv top of spinaoh in Texas. IJ.S.D.A. Plant Disease Eept. 
2lU) : 2, 1937. 

This disease was veir severe in five counties. The insect vector 
{JEutfft*x irncllus" was found. 

Taylor, 0. P. 

The incidence of yellow dwarf in potato varieties. Amer. Potato 
Journ. 16(2; : 37-40, 1938. 

Taylor, 6. G., & Chamberlain, E[dward] E[dinborougli] 

Spolted-\vill on loba<‘Co. New Zealand Auric. Jonm. 64(5) : 278- 
283, 1937. 

Teng, S. 0. 

The cyrtosis of cotton. Sinensia, Nanking 7(1; : 63-79, 1936. 

This disease which has been attributed to a vims is bdieved to be 
caused by a leafhopper {Cfhloriia tiguUula Mats.) 

Thilliard, B. 

Bestrijding der krul-en kroepoek-ziekte van tabak. Meded. 
Proefst. Vorstenl. Tabak (Java) 78, 18 p., 1934. 

Thomas, H[arv^] E[arl] & Eildebraiid, F[raiik] M[errill] 

A virus disease of prune. Phytopathology 26(12) : 1145-1148, 
1936. 

A description of a virus disease that appears to be new. 

Apple mosaic. Hilgardia 10(14) : 581-588, 1937. 

It appears that an infections variegation of apple foliage was re* 
ported from Fiance by Vibert in 1835. The author describes the 
symptoms in California and reports transmission to several plants. 
Efforts to control by heat were partially successful 

Thombeiry, H. H„ Valleau, W[illiaml DFomay], & Johnson, 
E[dward] M[arsliall] 

Tuactivation of tobac<'0-mosaic virus in cured tobacco leaves by 
dry heat. Pliybipathology 28(2^:129-134, 1938. 

This is a study of the resistance of the yellow, green and burning 
strains of tobacco mosaic to heat. AH three show a similarity in cured 
tobacco. At 70° C. all strains were infectious after treatment for 60 
hours. The writers give much data with discussion and state that the 
virus is inactivated at 150® 0. (302® P.) in 0.5 of an hour. 
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Cr^'stallization of lobaceo-mosaic virus protein. Science 87 
12248 J : 91-92, 1938. 

The author describes a method of crj'stallization and refers to the 

- work of Bairden and Pirie in England and of Stanley in the United 
States. He also said: Tobacco juice from healthy plants trhen 

heated in a similar manner failed to develop any evidence of crystal- 
line protein. The precipitate that formed was composed of amorphous 
material as far as could be determined microscopically.^' 

Thornton, J. K. 

Key to virus and non-virus diseases of potatoes. Pennsylvania 
State Parmer n s. 2 f9^ : 390-391, 1937. 

Thnng, T. H. 

infective principle and plant cell in some virus diseases of the 
tobacco plants.) I. Ilandeling van het zesde Nederl. Ind. 
Natuurwetenseliappelijk Congres, 22-26 September, 1931, Ban- 
doeg, Java, 1931. 

(The curl and crinkle diseases of tobacco and causes of their 
dissemination.) Meded. Proefst. Yorstenl. Tabak, Java 72: 
51-52, 1931. 

Smetslof en planteneel bij enkole virusziekten vande tabaks^eant. 
III. (Infective principle and plant cell in some virus diseases 
of the tobacco plant III.) Tijdschr. Plantenziekten 43(1) : 11- 
32, 3937. 

The author treats of immunity studies in which he used the viruses 
of ordinary tobacco mosaic^ white mosaic, severe mosaic, zing spot ne- 
crosis^ Yorstenlanden distorting strain I and Hohher distorting strain* 
These studies indicated four types of antagonism: (a) equilibrium, (h) 
domination, (c) regulable equilibrium and (5) partial over-weighting. 

Thus E[iLgene] C[hapel], Mills, P[erc7] J[oseph], & Edgerton^ 
C[laude] W[ilbur] 

Studies on sugarcane mosaic in Louisiana. Louisiana Agric. 
Expt. Sta. Bull. 263, 39 p., 1935. 

Account of studies and observations of mosaic disease on different hosts 
are definite and constantly occur. These are being called the green or 
varieties. Two distinct mosaic types chaiaeterized "by symptoms which 
mild mosaic and the yellow or severe mosaic. Losses in yield are given, 
being greater in the case of yellow mosaic. 

Toit, P, J. du 

Viruses. South African Journ. Sci. 32 : 696-705, 1935. 

Tompkins, C[hristian] M[ilton] 

A transmissible mosaic disease of cauliflower. Journ. Agric. 
Bes. 66(1): 33-46, 1937. 

A description of a disease of a previouidy undeseribed virus. The 
virus is transmitted by Brevicoryne hrassicae, Shopahsiphttm pseudo- 
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irassicae and Mysnis persie€te» The vinis mil remain active in 
for 14 to 15 days at 20®C. It is inactivated at about 75®0. The dilu* 
tion of 1-2000 is active. It attacks many plants. 

Gardner Max W[illiam], & Thomas, H. Eex. 

Black ring, a virosis of cabbage and other cmcifers. Phyto- 
pathology (Abstract) 27(9) : 955-956, 1937. 

A description of the disease. Transmitted by rubbing and by the 
green peach aphid. Inactivated by 59®C. for ten minutes and by ^ 
days at 22®C. and by dilution of 1 to 1,000. Atta^ all commermal 
varieties of cabbage. Infections were obtained on rhubarb, Chenopo- 
dvum alburn^ C. murale, spinach, SteUaria media, Brassica arvemis, kale, 
bmssels sprouts, cauMower, broccoli, kohlrabi, rutabaga, turnip, wall 
flower, annual and Brompton stock, dames violet, Yirginia stock, water 
cress, honesty, Chinese radish, Turkish and white Burley tobacco and 
Nicoiiana glutinosa. It is similar to ring spot disease of cabbage de- 
scribed by K. IT. Smith in England in 1935. 

Topekha, E. F. 

^The biochemistry of vimsi diseased potatoes.) Bull. AppL Bot. 
8ipleet. 3(14}: 53-67, 1936. (Ber. "Wiss. Biol. (Abstract) 46: 
3-4, 216. 1937.) 

Tower, J. D. 

Sugar beet experiments, 1901. Michigan Agric. Expt. Sta. Bull. 
197:138-140, 1902. 

The disease referred to in this paper and snpposed to be due to bac- 
teria was probably a virus disease recently described by Coons and 
others as '‘savoy”. 

Trocham, J. 

Les conditions <le la vegetation an Senegal. Le ‘‘gana'' de 
raraehide. (Vegeiation conditions in Senegal. The ^‘gana** 
of the peanut. J Bull. Soc. Nat. dAcclim. Paris. 81«7» : 302- 
312, 1934. 

Trotter, A[lessandro] 

nteriori ussen^azioni sulle “virosi” del Cesfnim parqui L^Her. 
(Further obhervations on virus diseases of Cestrum parqui 
L’HexM fiic. Assoc. Dhiilg. Pitopat. Camapia ed Mezzo- 
gioriis (Poi-tiei) 5:61-64. 1936. (R, Obs. Reg. Pitopat. 
Portici, 4 p., 1936.) 

A confirmation of previous work on this disease on this host. 

II “verderame^^ de tabacchi in cura. (Verderame of curing 
tobacco. » Boll, Tec. Tab. 33(2) ; 67-72, 1936. 

Description of a spotting in curing tobacco which is believed to be 
due to mosaic. 
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La "maculazione ad anello” nelle foglie del tabaceo. (Bing 
spot of tobacco leaves.) Boll. Tec. Tab. 34(1) ; 51-60, 1937. 

The disease has been found in Seafati (Salermo), Italy. The anthw 
gives a review of the snbjeet. 

Troy, Zeliaette 

Aster yellovs and its control. Contr. Boyce Thompson Inst. 
1(28) : 262-266, 1935. 

Tschemyschev, 0. 

(Prophylaxis and therapy in ^hting virus diseases of potato.) 
Arb. "Wiss. Porseh-Unst. Kart. — ^Wirtsh. Moseov 4 ; 52-58, 
1935. 

Tucker, J. 

The value of seed potato eei-tification to the potato industry. 
Amer. Potato Joum. 14(2) : 39-45, 1937. 

Gives percentage on diseases melnding leafroll and mosaic. 

Turner, A. D. 

“Red plant” disease of strawberry. Serious problem in the 
South. Fruit Grower 66(1436) : 971-972, 1923. 

Popular. 

Turner, W[illiam] P. 

Phony peach disease control is promoted by destroying wild 
peach trees. U.S.D.A. Yearbook p. 275-277, 1935. 

Valleau, W[i]liam] D[ornay] 

Do tobacco plants recover from, and develop immunity to ring- 
spot? Kentuckj" Agric. Expt. Sta. Ees. Bull. 360:181-191, 
1935. 

The author gives a review of the subject and the results of his own 
studies which lead him to differ in his opinion from other workers. 
His ideas are summarized by the following extract: “If a tobacco 
plant aheady affected by one strain of the tobacco mosaic virus fails 
to develop symptoms when inoculated with another strain, it can hardly 
be considered as evidence of an acquired immunity, but may simply be 
proof that cells already affected by this virus cannot be affected by 

more of the same kind of virus, even tho it is of another strain 

It appears better, for the time being, to speak of protection afforded 
by one strain of virus against a more injurious strain, bearing in mind 
the practical application, rather than to speak of an acquired immunitj 
in the sense in which this term is used in animal and human pathology.’^ 

Localization and resistance to tobacco mosaic, in Xicotiana, 
Kentuekj" Agric. Expt. Sta. Res. Bull. 360:202-230, 1936. 

The author gives the results of his studies with discussion and con- 
cludes: “Necrotic-spotting is therefore, merely an index to the degree 
of sensitivity of the plant to the virus. If the term “localization'' 
is to be used, it should be reserved for particular instances of necrotic 
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apottiug where the virus is confined or localized within the inoculated 
leaf, but should not be used as a term to indicate local necrotic spot- 
ting. TVith our present varieties of tobacco, localization cannot be ex- 
pected to be of value in the control of tobacco mosaic, because the 
common strains of tobacco mosaic are non-necrotic-spotting strains. 
Two types of resistance to the tobacco-mosaic viruses may be recognized 
in Nicotiana iabacum; one in which certain strains of the virus are 
sometimes prevented from causing systemic infection by a high degree 
of sensitivity of invaded cells, with localization in inoculated leaves, 
and another of the type of resistance shown by Ambalema to non- 
necrotie strains of the viru^ in which the virus is inhibited from en- 
tering the young tissues of the plant. Failure of the tobacco-mosaic 
virus to enter seeds may be the results of inability of the virus to 
invade meristematic tissue. The suggestion is made that plants which 
are most highly sensitive to a virus (necrotic-spotting species or var 
rieties) are those in which the virus multiplies most rapidly (N. 
nosa, for instance), and those least sensitive are those in which the 
virus finds the poorest medium for multiplication (Ambalema, for exam- 
ple.'^ Transfer of resistance of Ambalema, either with or without ne- 
crotic spotting, to our tobaccos, should prove a satisfactory and prac- 
tical solution of the tobacco-mosaic problem.” 

& Johnson, E[dward] M[arshall] 

Bunting and non-bunting strains of tobacco mosaic. Kentnckv 
Agrie. Expt. Sta. Ees. Bull. 361:233-238. 1935. 

These studies show that some strains of mosaic cause burning while 
others do not; that some varieties are more susceptible than others and 
that the number of burned leaves varied on different plants. The au- 
thors say: ^'Mosaic bum is evidently an invasion symptom as it ap- 
pears to be limited almost entirely to tissues young enough to be in- 
vaded rapidly by the virus, but does not occur on leaves which have 
completed growth at the time of inoculation or in leaves produced 
subsequently to the appearance of mosaic symptoms in' the growing 
point. The leaves which burned were only partially developed at the 
time of inoculation but old enough so that mosaic patterns did not 
develop in them.” 

& Johnson. £[dward] M[arshall] 

Tobacco disease.s. Kentucky Agric. Expt. Sta. Bull. 362 : 62, 
3936. 

Description of many riros diseases. 

A mosaic disease of peach in Kentueb\’. U.S.D.A. Plant Disease 
Kept. 20 a2) : 199, 3936. 

A brief note recording this disease. 

& Johnson, E^dwardJ M|[arshall] 

Tobacco mosaic source of infection and control. Kentnckv Aerie. 
Expt. Sta. Bull. 376:223-262, 1937. 

The authors give a large amount of data showiog that tobacco mo- 
saic can be controled. 
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Kentucky Agricultural Experiment Station Ann. Ept. for the 
year 1936. Part I. 49: 63, 1937. 

This report contains records on tobacco mosaic and crossing of Am- 
balema with 'White Burley for the control of mosaic, 

& Diachun, Stephen 

Tests of strains of tolmeeo mosaic virus Tvith Chester’s field tesL 
U.S.D.A. Plant Disease Eept. 22(5): 77-81, 1938. 

The authors conclude by saying: While this test gave positive re- 
sults with most of the strains of tobacco mosaic tested, it cannot be 
considered as accurate a method for identifying viruses, which are now 
classed as common or ordinary field mosaic, as the drying test.” 

Varadajraja Iyengar, A. V, 

Influence of spike disease on the mineral metabolism of sandal. 
Current Sci. 6(6; : 278-279, 1937. 

The calcium content is less and the nitrogen greater in healthy than 
in diseased plants. 


Contributions to the study of spike disease -of sandal (Santalum 
alhiim Linn.) Part XYII. Some factors relating to the ab- 
normal accumulation of carbohydrates in diseased tissues. 
Journ. Indian Inst. Sci. 20 A (1) : 1-14, 1937. 

A chemical study. 

Vargas, M. J. 

Informe del Profesor Carlos E. Chardon sobre el mosaieo de la 
cana de aziicar. (Report of Prof. Carlos E. Chardon on sugar 
eane mosaic.) Agrieultura (Bogota) 9(6) : 107-120, 1937. 

El mosaieo de la caiia de aziicar. (Sugar cane mosaic.) Agri- 
eultura (Bogota) 9(6) : 121-125, 1937. 

Venkata Rao, M. G. 

The role of undergro^vth in the spread of spike disease of sandal. 
Mysore Sandal Spike Invest. Comm., Bull. 6, 18 p., 1934. 

Vidal, L. F. 

El mosaieo de la cana de azucar. (Sugar cane mosaic). Rev. 
Agric. (Dominican Rep.) 28(89) : 55-58, (90) : 133-135, (91): 
189-195, 1937. 

A report on the disease and the control by sanitation and resistant 
varieties. 

Vigneaud, Vincent dn 

The prize paper and its author. Science 86(2197) : 132-133, 
1937. 

A brief review of Dr. W. M. Stanley’s paper for whidi be was 
awarded the American Assodation for dte Advancement of Sdenee’s 
prize. Also a brief deeteh of Dr. Stanley’s life. 
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Vinodradova, E. I. 

Ozimais pshenitas “moskovskaia”. laroviz. Zhtirn. Biol. Bazv. 
East. p. 25-30, 1936. 

C[arl] G[eorge] 

Yirus diseases of plants. Purification of the virus of mosaic 
disease of tobacco. ilCssouri .^gric. Ezpt. Sta. Ees. Bull. 237, 
16 p., 1936. 

The author used about 12,000 plants in these studies. Fieeipitation 
of the virus tras praetieally eompletod by concentrations of safranin. 
About 10 mg. of nitrogen was obtained from 500 ec of juice of mo- 
saic of tobacco plants by the use of lead acetate. Fraeticalfy no ni- 
trogen was found in the juice of healthy plants. 

Further vFork on purification of tobacco mosaic virus. Phyto- 
pathology (Abstract) 28(1): 23, 1938. 

'Vohme. B. W. 

Das Vorkommen von Virosen auf dem Dahlemer Versuchsfelde. 
(The occurrence of viruses in the Dahlem esperimental fields.) 
Arb. Biol. Reichsanst. 21(1): 1-58, 1934. 

'Viullet, J. A. 

A propos de la rosette de rarachide: controle des pucerons par 
les insects auriliaires. (On peanut rosette: control of aphids 
by means of beneficial insects.) Rev. Bot. Appl. d’Agr. Trop. 
(Paris) BuU. 148(14) : 8-12. 1934. 

IXrada, E.. & Fukana, H. 

(On the difference of X-bodies in green and yellow mosaic of 
wheat, Agric. & Hort. (Japan) 9(6); 1778, 1790, 1934. 


On the difference and discrimination of wheat mosaic in Japan. 
Joum. Imp. Agric. Ezpt. Sta. 3(1) : 93-128, 1937. 

A report of studies in whieb they found green and yellow mosaic. 

Wade, Carrol W. 

Peach mosaic disease in Colorado. Joum. Econ. Ent. 30(6) ; 
902-904i 1937. 

A brief description of the disease and methods of control. 

Waldmann. O. 

Piltrierbares Tims als Ki‘anl;heitserreger hei Mensch, Tier und 
Pflanze. Chemiker-Zeitg. 60:824-825, 1936. 

Walker, J^ohn] C[harles], & Larson, B. H. 

Increasing importance of cabbage mosaic. Phytopatiiology 27 
(2): 142, 1937. 

The authors deaeiibed the symptoms and discussed the impoitauce 
of this disease. 
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& 

Soil temperature in relation to potato yellow dwarf. Phyto- 
pathology (Abstract) 28(1) .-21, 1938. 

Walton, G. L 

The control of aphids attacking sprouting potatoes. Joum. 
Min. Agrie. 30:1-4, 1923. 

Wardlaw. C. W., & McOnire, L. P. 

Culti\ation and diseases of the banana in Braadl. Trop. Agrie. 
(Tiinidad; 10( 7) : 192-197, (8): 211-217, (9): 255-259, 1933. 
The authors describe a disease which has symptoms of a vims. 

Banana diseases VIII. Notes of various diseases occurring in 
Trinidad. Trop. Agrie. (Trinidad) 11(6) : 143-149, 1934. 
Contains a description of a mottling disease Tshich may be due to 


Diseases of the banana and the llanila hemp plant. A book of 
615 p., 1937. 

Contains descriptions of virus diseases. 

Ware, E. B. 

Peach yellows and litle peach. Connecticut Bd. Agrie. Spec. 
Rpt. 1896. 

At the time of this publication no author attributed this disturbance, 
to a virus. 

Wartenberg, H[ans], Hey, A., & Tahsin, A. 

Untersuchungen xiber die Aziditat des Gewelbebreies der Kartof- 
felknoUe. Die elektrometrische Pflanzgutwertbestimmung der 
Kartoffelknolle. II. Mitteilung. (Studies on the acidity of 
the tissue emulsion of the potato tuber. The eleetrometrie 
determination of the seed value of the potato tuber. (Note 

II. ) Arb. Biol, Reichsanst. Land-u. Porstu., BerL-Dahl, 21 
(4): 499-516, 1936. 

, & Lindau, Gr. 

^'Studien fiber die ‘^Dehydrase-wirkungen’^ gesunder und abbau- 
kranker Kartoffelknollen. (Studies on the “dehydrase reac- 
tion” of locality and degenerate potato tuber.) Phytopath, 
Zeitehr. 9(3) : 297-324, 1936. 

The juices of degenerated potatoes undergo a more rapid clarifLca- 
tion when treated with methylene blue solution than the juice from 
healthy potatoes. 

, & Hey, A. 

Das Eedoxpotential de Gewebebreies der Kartoffelknolle. Die 
elektrometrische Pflanzgutwertbestinunung der Kartoffelknolle 

III. Mitteilung. (The oxidation-reduction potential of the 
pulped tissue of the potato tuber. The electrometric deter- 
mination of the seed value of the potato tuber. Note III.) 
Planta 26:258-281, 1936. 
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Die elektrometrische PflanzgntTvertbestimmtmg der Kartoffelk- 
nolle IV. llitteilung. Das Redoxpotetial der Gewebebrei- 
aafscblammuug der Kartoffelknolle als Kennziffer des Ab- 
bauses. (The eleetroehemieal determination of the seed value 
of the potato tuber. No. IV. The reduction-oxidation poten- 
tial of the pulped tissue of the potato tuber as the coefficient 
of degeneration.) Phytopath. Zeitschr. 9(6) : 531-569, 1936. 


Ueber die Pufferung der Pressafte abbaukranker tmd gesunder 
Xnollen der Kartoffel. (On the buffering of the expressed 
juices of degeneration-diseased and sound potato tubers.) 
Phytopath, Zeitschr. 10 il); 43-66, 1937. 

A study of the electrometric method with juices. 

& Eliijkowski, M. 

Eine Joclprobe’^ zur Pfianzgutwertbesliminung der Kartoffel, 
Yorldufige Mitleilung aiis Entersuehugen. fAn “iodine test’' 
of the value of potaloes for seed. Preliminary note on the 
investigations. \ Phytopath. Zeitschr. lOU) : 107-109, 1937. 

Probleme der Forh<-hungen fiber den Abban der Kartoffel. I. 
Pflanzzeit der Pilanzgutbaues nnd Pflanzgutwert der Ernte. 
1 Problems involved in the investigation of degeneration of 
potato. I. Time of sowing in ilie production of seed mate- 
rial and the seed value of the crop.) Zfiehter 9(2'> : 35-40, 
1937. 

Experimental studies indicate that in Germany the degeneration (vi- 
rus < increase until sometime in June and July. Planting after that 
show less iufectioiLs. 

Watson (Hanultou) U;[arion] A. 

Field experiments on the control of aphis-transmitted virus dis- 
eases of Hyoseyamus niger. Ann. Appl. Biol. 24(3) : 557-573, 
1937. 

X solution of nicotine and soft soap was used. The best results 
Til ere obtainel by spraying at two weeks intervals. The perecntage of 
infection was lower on the sprayed than on the unsprayed plots. There 
was no effect in j-ield on the first year growth but a 30 percent in- 
crease in the third crop of the second year. 


Further studies in the relationship between Hyoscyamus virus 3 
and the aphid Myziis persicae (Sulz.) with special reference 
to the effects of fasting. Proc. Roy Soc. ser. B. 125(838) : 
144-170, 1938. 

The percentage of infectioii by Myzus pwsicae was increased when 
the feeding on infected plants was preceeded by fasting. The effidency 
of the vector was increased by one hour of fasting but mereased by 
longer periods. 
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Factors a£ectiz^ the amount of infection obtained by aphis 
transmission of the virus Hy. in. PHL Trans. Roy. Soe. 
Biol. Sci. ser. B. 226(540) : 457-489, 1936. 

The author gives results of studies on a number of insects and time 
of feeding. Mystis persieae can infect two plants in succession with- 
out return to source of virus, but the number of second infections de- 
creases rapidly and is negligible after one hour. 

Weaver, T. 0. 

Recommends remedies to overcome ehiorosis in roses. Plor. Rev. 
88(2012) : 9, 1936. 

Popular. 

Weij, H. O. van der 

De bodem als infectiebron van Rotterdam B-ziekte. (The soil 
as a soiiree of infection by Rotterdam B-disease.) Deli Proefet. 
Medan, Sumatra Vlugschr. 61. 6 p., 1936. 

This is a very severe disease and is transmitted by the hands of 
the laborers. 


Ziekten der Tabak. Ben Overzicht van den ziekten en plagen 
der Deli-Tabak in bet jaar 1935. (Tobacco diseases. A survey 
of the diseases and pests of Deli Tobacco in the year 1935.) 
Deli Proefst. Sumatra lleded. ser. 2, 93 : 3-11, 1936. 

This paper contains several notes on mosaic ('^peh Botter- 

dam-B, ‘‘gilak/^ ring spot and ^'daoon lidah'^ 


Weimer, J[ames] L[e Eoy] 

Alfalfa dwarf, a virus disease transmissible by grafting. Joura. 
Agric. Res. 63(5) : 333-347, 1936. 

The evidence in the paper indicates that this disease is due to a 
virus which can be transmitted by grafting but not by juice inoeulatioiu 


Effect of the dwarf disease on the alfalfa plant. Joum. Agric. 
Res. 66(2): 87-104, 1937. 


The possibility of insect transmission of alfalfa dwarf. Phyto- 
pathology 27(6): 697-702, 1937. 

The spread of the disease suggests insect transmission, Plants pro- 
tected by cages did not contract the disease^ while those growing out- 
side did contract it. Several species of insects in cages did not 
transmit. 

Wellington, B[icbard] 

Red plants in strawberries. Gard. Chron. 87(1744) ;269, 1920. 

Popular. 
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Wdlman, F. L. 

Control of southern celery mosaic in Florida by removing weeds 
that serve as sources of mosaic infection. TI.S.D.A. Tech. 
Bull 548, 16 p., 1937. 

A brief but very complete discussion of tMs disease. A brief bis* 
toiy, description, host plants, sources of infection, means of transmis- 
sion and control. 

Weiik, H. 

Kartoffelzuelitiingsfragen. I. Teils : Standenauslese und Pflanz- 
gubau bei Kartoffeln. (Potato breeding questions. Part I. 
Hill selection methods and seed production in potatoes.) 
Prackt. Pflanzenb. 14(1): 2-13, 1936. 

The spread of virus diseases is believed to be influenced by the 
weather and varies with the abundance of the vector. 

Went, J. C. 

The influence of various chemicals on the inactivation of tobacco 
. virus I. Pliytopath, Zeitsehr. 10(5) : 480-489, 1937. 

Studies were made with copper sulphate mercuric chloride and silver 
^ nitrate. The inactivation depends on the dilution of the vims and 
time of exposure. 

Wery, G. 

Sur la mosaique, maladie de la canne a sucre. (Mosaic, a disease 
of the sugar cane.) Compt. Rend. Acad. Agrie. Prance 17 
(22) : 739-743, 1931, 

West, J. 

Leaf curl of tobacco in Southern Nigeria. Trop. Agric. (Tri- 
nidad) 13(9): 242-244, 1936. 

This disease pracflcally ruined the crop of Virginia tobacco in 1923. 
It is tiansmitted by Bemiaia cp. 

Wheeler, E. J. 

Inoculation of potato seedlings with yellow dwarf virus. Amer. 
Potato Journ. 13(8) : 220-222, 1936. 

The disease can be transmitted by grafting. 

Whipple, Otis C. 

Spotted wilt of garden pea. Phytopathology 26(9) : 918-920, 
1936. 

This disease was found on Fisum saUvwn. Inoculations into tobacco, 
tomato, aster, nasturtium, Nieotiana gJutmosa, Batura airamonkm and 
Emilia saggitata produced the same symptoms. Thrips taibaci proved to 
be a vector. 

White, G. B. 

Stigmonose a disease of fruits. Phytopathology 4:402, 1914. 
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WMte^ Philip B. * 

SurviTal of isolated tomato roots at suboptimal and supraoptimal 
temperature. Plant Physiology 12(3) ; 771-776, 1937. 


Separation from yeast of materi a ls essential for growth of ex- 
cised tomato roots. Plant Physiology 12(3) : 777-791, 1937. 

Amino acids in the nutrition of excised tomato roots. Plant 
Physiology 12(3) ; 793-802, 1937. 

Vitamin Bi in the nutrition of excised tomato roots. Plant Phy- 
siology 12(3) : 803-811, 1937. 

All the above have a bearing on the groiring of roots for vinzs. 

Whitehead T[atham] 

The virus problem in relation to seed potato production in North 
Wales. Sei. Hort. 5:39-46, 1937. 

A study of potato prodnetioii with leferenee to virns diseases and 
their transmission by Mygus peraiette. 

Virus diseases of the potato. The carrier problem. Its relation 
to symtomatology and commercial potato growing. Ann. Appl. 
Biol. 24(2) : 323-341, 1937. 

A study of carriers and the segregarion of rimses. 

Wickens, 6. M. 

A new and serious disease of tobacco in S. Bhodesia. Rhodesia 
Agric. Joum. 35(3) : 181-184, 1938. 

A prcIiTninary paper on% disease that is transmitted by Mygut pet^ 
sieoe. It appears to be caused by a virus. 

Wilhdm. A. F. 

Die Oelbneek^keit des Spinats. (Spinach mosaic.) Obst-u 
^mii seb. 81 : 56-58, 1935. 

Wiles, D. B. D. 

Report of Plant Disease Inspector for the year 1930-31. Bar- 
bados Dept. Sci. & Agric. Ann. Ept. 1930-31 : 98-101, 1931. 

Contains some data on sugar cane mosaic* 

Report of the Plant Disease Inspector. Barbados Agric. Joum. 
6(2) : 83-88, 1937. 

A short diseuBsion of sugar cane mosaic disease is induded in fids 
paper. 

WiU, J. MoG. 

Woodiness in passion vines. Queensland Agric. Joum. 47(5): 
501-502, 1937. 
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Williams, P. H. « 

ISome important diseases of glass house plants. Ann. AppL Biol. 
23(1); 189-192, 1936. 

Winberg, 0. 

La pomme de terre et sa degenereseence. (The potato and its 
degeneration. ) Journ. Agric. Praet. n. s. 56(2) : 396-398, 1931. 

WoUner 

Ursachen uud Verhiituug des Kartoffelabbaus. Wochenbl. Lan- 
desbaenisch. Harm 89:1674, 1936. 

Abbau und Herkunftswert bei PflanzkartofiEeln. Mitt. Land- 
vnrtsch. 51:852-853, 1936, 

Wood, K J. P. 

Some anatomical and eytological studies on Fiji disease of sugar 
eane. Proc. Roy. Soc. Victoria : 308^13, 1937. 

Wyckofif, B[alph] W[alter] 6[raystone] 

lloleeular sedimentation constants of tobacco mosaic virus pro- 
teins extracted from plants at intervals after inoculations. 
Joum. Biol. Chem. 112(1; : 219-224, 1934. 

Studies were made on the x^roteins isolated from tobacco plants which 
had been inoculated iisith ordinary mosaic vims for 1, 2, etc. up to> 
13 weeks. 

& Corey. Bobert B. 

The ultracentrifagal crystallization of tobacco mosaic. Science 
84(2188); 513, 1936. 

The authors obtained a crystalline virus protein by ultracentrifnging 
the juice of tobacco plants affected with mosaic disease, which is in- 
distinguishable from that obtained ^by the diemical nflethods. 

& 

X-ray diffraction patterns of crystalline tobacco mosaic proteins. 
Journ. Biol. Chem. 116(1): 51-55, 1936. 

The authors summarized their work in part as follows: series 

of X-rays powder diffraction photographs has been made of crystalline 

tobacco mosaic vims proteins No difference could be found 

in the patterns of the proteins of the ordinary and aucnba strains of 
the disease. Neither was there any alteration in the X-ray photo- 
graph after nine successive reerystallizations. Tobacco mosaic vims 
protein completely inactivated by means of ultraviolet irradiation and 
subsequent er^'stallizations gave a photograph having principal diffrac- 
tion lines that are the same as those of the active protein. 

, & Stanley, W[e:addl] M[eredith] 

An nltracentrifi^al analysis of the erysti^Uiite virns protein 
isolated from plants diseased with different strains of tobacco 
mosaic virus. Joum. Biol Chem. 117(1) ; 57-71, 1937. 

The conclusion is as follows: ^^From these observations it is ap- 
parent that a crystalline vims protein can be obtained directly by i^- 
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tracentrifuging the juice of plants affected Tdth the tobacco mosaic 
disease. The X-iay patterns of this cijstallme material and of tho 
protein prepared from the jnice by chemical means are indistinguisha- 
ble; the two substances must therefore, be substantially identical 

, & L^din, J. B. 

Improveinents in the air-driven nltracentriftige for molecule 
sedimentation. Rev. Sei. Instruments 8(3) : 74-77, 1937. 


Quantity ultracentrifugation Trith intense fields. Science 86 
(2207): 390-391, 1937. 

A brief discussion of the apparatus and methods used in the con- 
centration of Tirus. 


Methode pour la preparation des proteines par Tultracentrifuga- 
tion. (Method for the preparation of proteins by nltracen- 
trifugation.) Compt. Rend. Soe. Biol. (Paris) 126(14): 3-7, 
1937. 

A description of the methods used in the study of tobacco mosaic 
virua The author traces the developments in the study of the tobacco 
mosaic virus and gives some observations on the vims causing infec- 
tious papilloma of the rabbit. 


Die Isolierung Hoehmolekularer eiweisstoffe mit Ultrazentrigxige. 
(The isolation of high-molecular proteins with the centrifoge.) 
Naturwissenschaften 26:481-483, 1937. 

A review of recent researches. 


An ultracentrifugal study of the pH stability of tobacco mo- 
saic virus protein. Joum. Biol. Chem. 122(1) : 239-247, 1937. 

The author summarizes the results of his work as follows: ^'An 
ultracentiifugal study has been made of the molecular stability of the 
tobacco mosaic virus protmn in solutions at a series of pH value be- 
tween 1.5 and 11. On the alkaline side of the isoaleetrie point the 
molecules of the protein remain unchanged for at least two monilis at 
pH np to 8. Decomposition has occnned at pH 9; it is more rapid as 
the pH is raised and is practically mstantaneons at pH 11. The i^t- 
products are smaller in the more alkaline solutions. On the acid side 
molecular changes begin between pH 1.8 and 1.5; at pH 1.5 destruc- 
tion is complete within a few hours. 

The three virus proteia samples used in these expeiiinsnts were 
isolated by quantity ultracentrifngation and gave cduurply sedimenting 
boundaries. One was double boundaried; the other two contained only 
one molecular component. Differences between these proteins were ob- 
served at pH values near the isodectric point. 

In so far as different experimental conditions permit eompaiisons to 
be made, the effect of pH on infeetivily and molecular stainliiy are 
parallel This agrees with the assumption that infectivity is a prop- 
erty of the protein molecules. 
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The ultracentrifugal purification and study of macromolecular 
proteins. Science 86(2222) : 92-95, 1937. 

The uliraeentrifnge gives us a better method of studying viruses than 
the salting out method. The author discusses this method and its rela- 
tion to the study of viruses. 


The ultracentrifugal study of virus proteins. Ainer. Phil. Soe. 
Proe. 77(4): 455-462, 1937. 

''An air ultraeentrifuge has been developed which is giving twofold 
help in the study of viruses. (1) Analytical runs with it, besides fui^ 
nishing a measure of the size of the virus molecules, can tdl whether 
a preparation is pure and what may be the molecular weight of its 
impurities, whether a virus consists of one molecular species or a 
family of related proteins, etc. (2) Buns in which large volumes are 
ultracentrifuges in fields sufficiently great to sediment any of the 
known viruses provide the basis for a method of preparing pure virus 
proteins without having recourse to chemical treatment. This method 
opens up the way to the study of viruses which, unlike that of the 
tobacco-mosaic disease, are rdatively unstable or present in only sm a l l 
amounts.’’ 

TondeE. W. J. 

Use of incomplete block replications in estimating tobacco-mosaic 
virus. Contr. Boyce Thompson Inst. 9(1) : 41-48, 1937. 

A modification of the incomplete block described by Yates bas been 
devised, the config^ntion of which permits the construction of com- 
plete blocks of replicates without sacrificing the advantage of the in- 
complete blocks. The design has been used in studies of the infectivity 
of solutions of crystalline tobacco-mosaic virus on Nicotiana gkMnosa 
plants. The requisite computatious for the application of the analysis 
of variance of the data are given. 


Dilution curve of tobacco mosaic virus. Contr. Bovee Thompson 
Inst. 9(1): 49-58, 1937. 

Data for 20 dilution series of tobacco-mosaic virus are given and 
show that in the neighborhood of 0.1 mg. of virus protein per ce. the 
virus solutions may be diluted without a corresponding decrease in le- 
sions produced on the leaves of Nicotiana gh/tinosa. There is con- 
siderable evidence that there may be an increase in infectivity after 
moderate dilution. This was found to hold for two different sources. 
The method of complete blocks made possible the comparison of solu- 
tions that differed but little in concentration since consistent dilution 
eurves were obtained with only nine N, gVutinosa plants using an arith- 
metical series of dilutions in place of the more common logarithmic 
series. 
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Abac4 (Manila hemp) 285, 344, 348. 
385. 

Acroneerosis, potato — 272, 328. 
Acropetal necrosis — 350, 359. 

Air borne virus — ^285, 370. 

Alfalfa— 310, 355, 387. 

Altitude (see highlands) — ^296, 298, 
332. 

Amarylis — 364. 

AnurapMs padi — 269. 

Aphides— 283, 339, 365, 366, 384, 385. 
Aphis^29e, 339, 350, 366, 386. 
Aphis amphorophora — 295, 362. 

Aphis fdbae — ^262. 

Aphis gossypii — ^286. 

Aphis maidis — 321. 

Aphis ruhicola — ^295. 

Aphis ramicM — ^288, 350. 

Apple— 291, 341. 

bitter pii^269, 298, 302, 326, 331, 
337, 378. 

blotchy core — ^298. 

cork disease — ^285, 291, 322, 331. 

mosaic — 378. 

water core — 312, 313. 

Arachis hypogaea — 358, 384. 
mosaic — 352. 

rosette— 267, 280, 313, 333, 352, 
358, 384. 

Aster yellows — 330, 331, 381. 
Asteroid spot, peach — ^292. 

Ascorbic add, tobacco mosaic — 334. 
Attenuation — 331. 

Autocatalyst — ^298, 

Avocado — 352. 

Bacteria — ^299, 390. 

Bacteriophage — 311, 312. 

Banana — (see M%tsa). 

Barley, stripe — 332. 

Bean (PhosaoZus) — see mosaic. 

Beet— 365, 366. 
blight— 263. 
cracked skin — ^351. 
crinkle— 366. 
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curly top — ^263, 266, 267, 274, 275, 
281, 286, 295, 307, 331, 341, 342, 
344, 354, 362, 366, 367, 368, 378. 
savoy— 269, 295, 309, 360, 362, 
364, 380. 

yellows, 297, 360, 361, 362, 365. 
Bemisia — 388. 

Bibliography — 351. 

Big bud. 

currant — 364, 366, 377. 
tobacco — 316. 
tomato — ^368. 

Bitter pit — see apple. 

Black heart of potato — ^377. 

Blotchy core-^298. 

Bodies, intracellular, 271, 285, 301, 
308, 315, 317, 338, 343, 357, 368. 
384. 

Boron — ^285. 

Brassica — ^287. 

Brassica aruensis — 380. 

Breaking. 

Dame rocket — 343. 
tubps— 343, 385. 

Breeding — 328, 366, 388. 

Brevicoryne hrassioa — ^287, 379. 

Brittle root of horse radish — 325. 
Broom (see Witches’ broom). 
Browning of lupin — 328, 370. 
Browallia— 319. 

Bukett of potato — ^350. 

Bunch of pecans — 293. 

Bunchy top— 265, 285, 341, 344, 348, 
365. 

Budiy stunt of tomato — ^264. 

Cabbage (Brassica). 
mosaic — 331, 384 
ring i^ot — 380. 

Cancer — ^360. 

*‘Oadang”, “cadana” of coconut — 
349. 

Callistephus sinensis — 367. 
Capitophorus fragaefolU — 839, 340. 
Capsicum annwim bunchy top— 341. 

SM 
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Capsicum frutesoens, mosaic — ^282. 
Cassava mosaic — 309, 358, 376. 
CauKflower mosaic — 379. 

Celery mosaic — 308, 351, 364, 388. 
Centrifiige— 311, 312, 335, 342, 356, 
390, 392. 

Oertification— 288, 310, 356, 381. 
Cestrum parqui — 380. 

Cheiranthus chevri mosaic — ^280. 
Chemistry— 271, 279, 302, 334, 349, 
353, 374, 376. 

CJilorita diguttula — 378. 

Chlorophyllase — 353. 

Chloroplasts — ^361. 

Chlorosis— 274, 303, 310, 348, 361, 364, 
387. 

Chinopodium alhum — 380, 

CJic nopodium muraJe — ^331, 380. 
Cherry- 297, 342, 348. 359. 

Chlorotic streak of sugai^ cane — 274, 
Cicadula sexnoiata — 331. 

Cicadiilina mhtla — 376. 

Cietr arietinum — 358. 

Citrus — 269, 2S0. 

psoro&is — ^298, 302, 321, 359. 
scaly bark— 302, 303, 321, 332. 
Classification — 355, 356. 

Coconut, cadang cadana — 349. 

Coffee, x>lil(^m necrosis — 303. 

Clover— 320, 336, 350, 354. 

Colza— 325. 

Commelina nudifiora — ^286. 

Control— 267, 276, 278, 295, 297, 324, 
330, 336, 342, 345, 352, 354, 363, 
384. 

Cork disease — (see apple). 

Com— 293, 338, 376. 

Cotton— 264, 268, 309, 333, 346, 368, 
378. 

“Court noue" — ^274, 282, 301, 306, 
343, 353, 359, 362. 

Cracked skin of beet — 351. 

Cranberry false blosson — ^274, 298, 364, 
375. 

Crazy top of cotton— 319. 

Cnnkle— 264, 268, 314, 324, 345, 346, 
355, 366, 379. 

Griticisms— 293. 

Crotalaria mosaic — 324, 

Crucifers — ^287, 356, 380- 


Bace 

Crystallization — 272, 276, 277, 278, 
312, 332, 334, 357, 369, 372, 373, 
374, 377, 379, 390. 

Cucumber (see mosaic). 

Oucurbitaceae — ^271. 

Curl— 264 269, 283, 288, 302. 

Curly dwarf (see dwarf). 

Curly top (see beets). 

other plants^263, 275, 281, 296, 
378. 

Currants— 264, 266, 272, 277, 297. 
Cfrtosis of cotton — 378. 

Cytology— 268, 299, 300, 303, 308, 316, 
317, 329, 338, 359, 364, 367, 378, 
379. 

Dahlia — 376. 

Datura meteloides — 346, 347. 

Datura stramonium — ^346, 388. 
Degeneration — 361, 385. 

potato— 274, 276, 281, 282, 283, 
287, 296, 297, 298, 300, 304, 305, 
320, 321, 325, 326, 327, 328, 332, 
334, 335, 336, 344, 356, 358, 363, 
365, 368, 385, 386, 390. 
strawberry — 264, 265, 275, 300, 
338, 377. 
t-ugar cane — 338, 
vine — 283. 

Determination of viruses — ^274, 290, 
330, 367. 

Dock {Eumex) chlorosis of — 310. 
Double refraction — 377. 

Dwarf— 264, 265, 266, 280, 297, 305, 
316, 336, 343, 344, 350, 353, 355, 
I 355, 364, 378, 388, 393. 

‘ ‘ Eisenfleckigheit ' ’ of potato — 301, 
327, 352. 

Blctrophoresis — 302. 

Elm mosaic — ^293. 

Emilia saggitata — 338. 

• Empoasca faibae — 355. 

Enation — 264, 309. 

• Environment — ^276. 

Enzymes — ^273, 279, 338, 362. 
Epidermal cells, transmission by — ^282.. 
Eradication — ^274, 295, 306. 

Erodium cicutarium — 331. 

Erysimum cheiranthoides mosaic — 280# 
Escheridia coli — 300. 
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Ev,tettix tenellus — 275^ 304, 305^ 354, 
378. 

False blossom — see cranberry. 

Fern leaf of tomato — ^264, 308, 329, 
339. 

Fig mosaic — ^264, 355. 

Fiji disease of cane — 274, 353, 390. 
Filtration — 298, 316, 361. 

Flower malformation — 340. 

Flowers of potato — ^93. 

Fluffy tip, of hops — 364. 

Frari^liniella insularis — 271. 

Genes— 319, 329, 342, 346, 364. 
Genetics — ^263. 

Geranium crinkle — 324, 355. 

Gerkin mosaic — ^282. 

Gilflowcr mosaic — 308. 

Gloxinia — 312, 364. 

Grape — (see court nou6 and vine.) 
Ground nut — (see Araehis). 

Heat cure — 330, 331. 

Hemp, Manila — (see Abaed). 

Hibiscus — 316. 

Highlands (see altitude.) 

Histology — 268, 285, 308, 309, 352, 
368. 

Hopsr— 336, 364. 

Horse radish — 325. 

Host index — 392. 

Humidity — 332. 

Eumulus lupttlms — (see hops). 
Ryoscyamm niger — 386. 

EysteroTievra sctariao — 321. 

lllinoia pm — 345. 

Illinoia solanifolia — 283. 

Immunity — ^267, 284, 289, 299, 324, 
340, 350, 361, 363, 366, 381. 
Inactivation — ^272, 334, 362, 388. 
Inclusion bodies — (see bodies). 
Indexing — 313. 

Infection — ^270. 

Insect transmission — 265, 275, 280, 
281, 283, 286, 287, 288, 292, 293, 

294, 295, 296, 298, 302, 303, 304, 

306, 308, 314, 315, 321, 331, 334, 

337, 339, 340, 345, 350, 353, 354, 

355, 356, 362, 364, 365, 366, 367, 

368, 369, 370, 376, 378, 379, 384, 

386, 388, 389. 


Iris mosaicy— 383. 

Isolectric — 277. 

Intracellular bodies (see bodies). 

Kohlrabi — 325. 

^Kroepoek*' of tobacco — 319, 344,. 
351, 378. 

‘‘Kromnek’’ of tobacco — ^265, 302, 
344. 

'^Krul” of tobacco — 378, 351. 

Leaf curl— 264, 268, 351, 354, 356, 
357, 358. 

Leaf roll of potato — 263, 266, 268, 
282, 303, 304, 312, 330, 345, 355, 
357, 365, 366. 

Legumes — 328, 251, 254, 370. 

mosaic — 283, 350. 

Lepedium nitidum — 331. 

Leptonecrosis of potato — 268. 

Lettuce mosaic— 349. 

Light— 277, 300, 332, 353, 356. 

Lily. 

mosaic~~312, 325, 3t>o, 3ot), 377* 
rosette — 347, 349. 
virus — 265, 326, 343. 
lAlium caudidum — ^343. 
lAlium longiflorum — 343. 
lAUum tigrinium — 343. 

Limuhis polyphomus — 366. 

Lipidiiim nitidum — 331. 

Little leaf— 271, 288, 339. 

Little potato — 369. 

Locust ■witches' broom — 311, 375. 
Logan berry dwarf — 393. 

Losses — 282, 283. 

Lucerne witches' broom — 301. 

Lupins — 328, 360, 370, 371. 
Lycopersicon esculentum — 341, 367, 
373. 

Lycopersicon pimpinellifoliwn — 341. 
Lygus pabvJmus — ^281. 

Lyg%is pratensis — ^325. 

Macropsis irimoLculata — 315, 337. 
Macrosiplmnn. — 308. 

Macrosiphum gei — ^350. 

Mcusrosiphwn pisi — 350, 376. 
Eacrosipltum solanifolia — 283, 286, 
288. 
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Maize — (see corn). t 

Malvaceae — 316. ^ 

Mfl.Tiiln hemp — (see abaca). 

Marrow vegetable — 349. 

Masking— 309, 311, 350. 

Matthiola incana mosaic — ^343. 
Measnrements — 342, 355. 

Meliiotus alba — 350, 393. 

Metabolism — 271, 300, 325. 

Mites strawberry — 339. 

Mosaic — 335. 

amaryllis — 364. 
apple — 378. 

bean— 314, 320, 326, 333, 345, 352, 
354, 358, 359. 

beet— 324, 333, 351, 361, 362. 
cabbage— ^31, 384. 
cassava — ^265, 309, 376. 
cauliflower — 379. 
celery — 308, 364, 3^. 

Cheiranthus cheiri — ^280. 

cherry — 348. 

clover — 320, 336, 350. 

Crotalaria — 324. 

cneiimbeT — ^272, 280, 282, 291, 294, 
298, 328, 356. 
dahlia— 276. 
chn— 293. 

JSrysimufn cheimnthoidea — ^280, 
jag— 264, 355. 

^eranirun — 324. 
grower — ^308. 
grape — 269. 
gerken — 266, 282. 
hops — 364. 

interveinal of potato — 335. 
iris— 283. 
legumes — 283, 351. 
lettnee — 349. 

Mosaic— 353, 361, 365, 364, 368. 
lily— 312, 325, 355, 356. 377. 
Matthiola incana— 308, 343. 
maize — ^376. 

Narcissua — 343. 

MiGoHana glutinosa — ^367. 
Nicotuma tahacum — ^291, 367. 
pea— 287, 292, 314, 345, 393. 
peai*— 281, 306, 330, 344, 351, 
382, 384. 
pear — ^323. 
peannt — ^269, 352. 


petunia — ^291. 

potato — ^265, 268, 272, 284, 292 

299, 304, 305, 328, 335, 345, 346, 
350, 357, 358, 365, 366. 

prunus — ^269. 

raspberry — ^266, 295, 310, 313, 
360, 361, 366, 393. 
ring spot. 

potato — ^268, 306, 328. 
roses — 355, 362. 
rye — ^342. 

Solatium lycopersicon — 367. 
Solatium nodiflorum — 367. 
strawberry — ^275. 
spinach — 389. 

sugar cane — ^267, 281, 288, 298, 

300, 301, 306, 321, 327, 330, 338, 

343, 349, 367, 373, 377, 379, 383, 
388, 389. 

tobacco— 269, 271, 272, 277, 278, 
279, 282, 284, 288, 290, 298, 300, 
301, 302, 307, 310, 311, 312, 316, 
317, 318, 319, 320, 322, 323, 324, 
326, 329, 332, 334, 337, 338, 339, 
340, 341, 344, 345, 349, 356, 357 
362, 366, 368, 371, 372, 373, 374, 
375, 377, 378, 379, 381, 382, 383, 
384. 

tomato — ^264, 280, 298, 299, 339, 

344, 345, 348, 368, 369. 376. 
tnlipB— 334. 
riaia /oho— 289, 390. 
wheat— 264, 342, 384. 

Moisture — ^268. 

Molecules— 272. 

I Movement of virus — ^275, 285, 367. 
Mottle leaf. 

avocado — ^352. 
cherry — ^359. 
clover — 354. 

Dame rocket — 343. 
tomato — ^348. 

Mutations — ^342, 361. 

Musa— 358, 368, 385. 

Mysnu eircumflexus — ^283. 

Mysua fragaef&Ui—ZH, 334. 

Mysnis persicae — ^283, 286, 287, 288, 
334, 345, 355, 362, 380, 386, 389. 

Narcissus— 285, 342, 343, 369. 
Nature of viruses — ^263, 271, 328, 332, 
359, 365, 369. 
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Necrosis— 272, 277, 304, 307, 308, 309, 
322, 350, 368. 

Nettle head of hops — 364. 

Nioandra physaloides — 341. 

NicotkLTia glauca — 275. 

Nicotiana glutinosa — 282, 335, 337, 
347, 367, 368, 370, 373, 378, 380, 
388, 391. 

Nicotiana paniculata — 318. 

Nicotiana rustica — 282, 318. 

Nicotiana tahacwn — 278, 319, 329, 
357, 367, 370, 371, 373, 375,. 
Nitrogen — ^27. 

Nutrition — 371. 

Onion — 343, 355. 

Ornamentals — 367. 

Overwintering — 266, 288, 332, 362. 

Pansy curly top — ^296. 

Passion vine woodiness — 389, 

Pea — (see Pisum), 

Peanut, (see ArachU). 

Peach— 267, 269, 286, 375. 
asteroid spot — ^292. 
mosaic — 281, 306, 321, 330, 344, 
351, 382, 384, 
little — ^386. 

phony— 266, 287, 305, 3U6, 320, 
321, 381. 
rosette — 286, 

yellows — 315, 331, 337, 386. 

X virus — ^375. 

Particle— 271. 

Phony peach — (see peach). 

Pear— 285, 291, 322. 

Pecan — 293. 

Pelargonium zomle — 252, 283, 353. 
PerJcinsieUa viticnsis — 353. 

Peppers — ^274. 

Petunia hybrida — 291, 341. 
pH—277, 278, 304, 305, 362, 391. 
PhoBeoVas vulgaris — 320, 335, 354, 370. 
Phloem necrosis — 268, 293, 303, 305. 
Physalia — 341. 

Physiology — 304, 329, 358, 360, 363, 
364, 389. 

Piesma quadrata — 366. 

Pine apple — ^286, 333. 

Pimm sativum — 388, 314, 322, 345, 
350, 376. 392, 393. 
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Pioneers — ^4. 

Plasmoderms — 367. 

Plastids — 353. 

Pollen— 329. 

Potato— 267, 271, 293, 3UU, 310, 311, 
312, 313, 320, 347, 348, 350, 351, 
359, 365, 366, 368, 376, 393, 379, 
381, 342, 459, 306, 368. 
aeronecrosis — ^328. 
black heart — 377. 
bukett — 350. 
crinkle — 345. 
curly dwarf — 344, 364- 
degeneration — ^281, 282, 283, 287, 
296, 297, 298, 300, 304, 305, 

320, 321, 325, 326, 327, 328, 

332, 334, 336, 344, 335, 356, 

358, 363, 365, 368, 374, 376, 

385, 386, 390. 

dwarf— 336, 350, 364. 365, 378, 
384, 38'%. 

‘ ‘ Eisenfleckigheit ^ » — 301, 327, 

352, 353. 
flowers — ^293. 
highlands — 295, 296. 
histology — 352. 

leaf roU— 303, 304, 330, 345, 346, 
355, 357, 365, 366, 382. 
leptonecrosis of potato— 268. 
little leaf — 369. 

mosaic — 265, 284, 290, 292, 306, 
276, 399, 304, 305, 335, 344, 

346, 357, 358, 365. 
necrosis — 272, 307, 308, 309. 
net necrosis — 304. 
phloem necrosis — ^268. 
purple mosaic — 328. 

ring mosaic — ^328. 
seed selection — 265. 
spindle tuber — ^284, 342, 365. 
stipplo streak — 350. 
streak — 306, 365. 
veinbanding — 324, 328, 329. 

X Virus— 274, 273, 308, 311, 328, 

347, 348. 

Y virus — 308. 
yellow dwarf — 336. 
yellow mottle — 357. 

Precipitin — ^290. 

Pressure — 271. 

Prevention (see control). 
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Proteins— 273, 278, 329, ^31, 332, 334, 
335, 339, 356, 360, 36K, 366, 369, 
372, 373, 374, 379, 391. 
nneleo — ^273. 

Plnm mosaic — ^281. 

Prune — 278. 

JPrumis aiium — ^268, 269, 348. 

Prunus mwnsonia — ^337. 

Prunus myrobalan . — ^337 
Prunus p€rsica€ — ^268, 269, 

Prunvs sahcina — 337. 

Prunub bpinosus — ^268, 269. 

Psorosis of citrus — ^298, 302, 303, 321, 
359. 

Psyllid yellows — 343. 

Purification of virus — 338, 362, 384, 
392. 

Purple top of potato — 283. 

Quince — 391. 

Banuneulactac — 299. 

Rape — ^325. 

Easpberrv mosaic — 261, 366, 295, 310, 
313, 360, 393. 

Becovery — 267. 

Bed plant, strawberry — 381, 387. 
Besistance — 285, 291, 300, 319, 328, 
330, 333, 348, 352, 353, 354, 358, 
362, 363, 365, 366, 381. 

Beversion— 272, 297, 372, 377. 
Shopalobiphum p^eudobrassica — 379, 
Bice — 305, 325, 362. 

Bong spot 

cabbage — 380. 
dahlia--276. 
tomato — 352. 
potato— 328. 329. 
tobacco— 269, 344, 375, 376, 379, 
381, 387. 

Pomceae — 268. 

Hose — 355, 362, 3S7. 

Bosette. 

fruit trees — ^288. 
lilies — 349. 
peach — ^286. 

peanut— 267, 280, 313, 333, 352, 
384. 

Botterdan B of tobacco— 387. 
Boguing — ^285. 
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Buffle leaf of tobacco — 332. 

Bumez chlorosis — 310. 

Rye mosaic — 342. 

Sandal spike— 265, 284, 289, 315, 356, 
364, 372, 377, 383. 

Savoy (see beet). 

Scaly bark of citrus — ^302, 321, 332. 
SeMgantMs retnsus — ^363. 
Sedimentation — 302. 

Seed. 

potato — 265. 

transmission — ^299, 336, 344, 359. 
Sereh of sugar cane — ^287, 296. 
Serology— 289, 290, 272, 273, 340, 341, 
345, 347. 

Slip down of hops — ^336. 

Small leaf of cotton— 309. 

Soil— 307, 317, 332, 334, 342, 387. 
Soja — 858. 

Solamm — 341. 

Solanum Lycopemcon — 367. 

Solanum nigrum — ^367. 

Solmum nodiflorum — 367. 

Solanum tuheromm — 369. 

Spike (see Sandal). 

Spinach 263, 278, 828, 389. 

Spindle tuber of potato — 342. 360, 384, 
Spotted wilt — 300. 

sweet pea — 370, 388. 
tobacco— 264, 265, 270, 277, 278, 
279, 280, 285, 292, 307, 312, 
348, 368, 378. 

tomato— 263, 265, 270, 277, 278, 
279, 280, 285, 292, 307, 312, 
348, 368, 378. 

Stellaria media — ^380. 

SteriUty— 329, 358, 364. 

Stenosis of cotton— 333, 

Stigmonose — 292. 

Stipple streak of potato — ^268, 350. 
“Stolbur” of tomato — 361. 
Strawberry — 314, 358. 
crinkle — ^262. 

degeneration — ^265, 275, 300, 338. 

367, 377. 
mosaic — 275. 
red plant — 391, 387. 
variegations — ^297, 355. 
yellow edge— 264, 339, 340, 344. 
zanthosis — 313. 
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Streak. 

com — (maize) — ^376. 
pea — 393. 
potato — 265. 

sngar cane— 301, 341, 362, 367. 
tobacco — 324, 367. 
tomato— 276, 347, 348, 368 
Stripe. 

barley — 332. 
com — ^293. 
narcissus — 285. 
tomato — 351. 

Stunt of rice — 325. 

Sugar beet (see beet). 

Sugar cane — 285, 353. 
chlorosis — 304. 
chlorotic streak — ^274. 
degeneration — 338. 

Fiji— 274, 303, 390. 
mosaic — ^267, 273, 288, 298, 299, 
301, 306, 321, 327, 330, 343, 
349, 367, 377, 379, 381, 383, 
388, 389. 
seed — 263. 

Sereh— 287, 296. 
streak— 267, 301, 341, 362. 
Suggestions — ^293. 

Structure — 300. 

Sun blotch of avocado — 352, 353. 
Susceptibility — 350, 371. 

TabelnUa pallida — ^294. 

Tarsonemus fragariae — 339. 

Tea, phloem necrosis — 305. 
Temperature — 266, 277, 311, 318, 330, 
331, 335, 340, 341, 345, 347, 350, 
355, 378, 379, 380, 385. 

Teratology — 353. 

Testing— 307, 325. 

Thrips tabaci — ^271, 292, 367. 
Tobacco. 

big bud — 316. 
crinkle — 379. 

"‘kroepoek”— 319, 378. 
-^kromnek’’— 302, 344, 365, 378. 
^‘Krul-en’’— 378. 
leaf curl— 351, 354, 356, 388. ‘ 
mosaic— 266, 269, 271, 277, 278, 
279, 282, 284, 288, 298, 300, 
301, 302, 307, 310, 311, 312, 
316, 317, 318, 319, 320, 322, 
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32’., 324, 326, 339, 340, 332, 

334, 337, 338, 339, 340, 341, 

345, 347, 348, 349, 351, 356, 

357, 362, 366, 367, 368, 371, 

372, 373, 374, 375, 377, 378, 

379, 381, 382, 383, 384, 390, 

391. 

mottle — ^348. 

ring spot— 344, 269, 387. 
Botherdam B — ^387. 
lufle leaf — 332. 

spotted -^vilt— 267, 277, 278, 279, 
280. 

streak— 267, 324, 375, 376, 381, 
wilt — 335. 

X“ virus — ^335. 
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Tomato — 361, 363. 
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bunchy ^top — 341. 
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curly top — ^281, 296. 
enation — 264, 

fem leaf — 264, 308, 329, 339. 
leaf curl — 302. 

mosaic— 280, 298, 299, 334, 339, 
344, 345, 367, 368, 369. 
new disease — 308. 
ring spot — ^352. 

spotted wnt— 285, 292, 307, 348, 
363, 365, 368, 378. 

‘ ‘ stolbur ' ’ — 361. 
streak — 347, 368. 
stripe — 351. 

western yellow blight — ^296, 333. 
woodiness — ^361. 

Tomosis of cotton — 368, 

Toxopiera aurantii — ^286. 

Toxoptera graminum — 321. 
Transmission — 336, 337, 362. 

insects — 271, 275, 281, 283, 2>tJ, 
287, 288, 293, 294, 295, 296, 2.*8, 
302, 304, 305, 308, 314, 315, 321, 
325, 331, 334, 337, 339, 340, 345, 
350, 353, 354, 355, 356, 362, 364, 
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mechanical — ^280, 369. 
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Ultracentrifuge (see centrifuge). 
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Variegations, in strawberries — 297, 
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Vectors (see insects). 

Vegetables, curly top — ^296. 
Veinbanding of potato — 324, 328, 329, 
366. 

Vein mosaic of clover — 350. 
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Viruses— 26S, 291, 293, 299, 301. 
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control — ^267. 
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visible — 266. 
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mosaic — ^264. 

Weeds— 286, 354. 

Western yellows blight — 296, 333. 
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Wheat— 264, 301, 338, 342, 384. 

Wilt of tobacco — 335. 

Witches’ broom, 
locust— 311, 375. 
lucerne — 301. 

Tabehuia pallida — 394. 

Woodinesfa — 361, 389. 

X bodies (see bodies). 

X disease of peach — 375. 

X rays — 310. 

X virus— 290, 293, 308, 312, 328, 329, 
335, 345, 346, 347, 348, 357. 

Tdlow. 

blight of tomato — 333. 
blotch curl of raspeberry — ^288. 
dwarf of onion — 343, 355. 
dwarf of patato — ^265, 336. 
tobacco — ^316. 

edge of strawberry — ^264, 339, 
340. 
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Yellows — 353, 393. 

alfalfa— 36, 310, 355. 
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Zinnia elegant, bunchy top — 341. 
Zosmenus quadratus — 366. 
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SECOND SUPPLEMENT TO HOST INDEX OF VISUS 
DISEASES OF PLANTS* 

By Melvillb T. Cook, Flant Pathologist, 

AIZOACEAB 

MoUtiTTGO VEBTICtUiATA 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 


AMABAITTBAOBAE 

Awahanthus obabgizaks 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
A'kabattohus htbbidus 

Tobacco mosaic virus 1. Holmes. New J^ey. 1937. 

•CsiiOSU ABOBimNA mSTAXA. 

Curly top of sugar beet. Taubeuhaus & Altstatt. Texas. 1936. 

<Ck>KFHBElTA HIUDA 

Curly top of sugar beet. Taubeuhaus & Altstatt. Texas. 1936. 


AMAttTT.TnAmiA'B 

AKABIUS BELItADONA 

Spotted wilt of tomato. Taubeuhaus, Texas.. 1936. 


Vinca icnob 

Cucumber mosaic. 


APOOINAOEAE 
Wdlman. Florida. 


1935. 


ABAOBAS 


ZANTBDISOHIA ALBOUACUIiATA 

Spotted wilt of tomato. Taubeuhaus. Texas. 1936. 

2 anxbx»sscihu bkhuanni 

Spotted wilt of tomato. Taubeuhaus. Texas. 1936. 
SICNONIAOEAE 

Tabbbdia PAUJDA 

'Witches’ broom. Cook. Puerto Rico. 1936. 

* Journal of Agriculture of the Uniyersity of Fnerte Bioo. 19(8) ; 315— 406, Jnlyt 
1935. 20(3): 591-727, July, 1986. 
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HTfcmirRT^T A ffB AT8 

Ananas sativus ‘ 

Mosaic. Carter. Hawaii. 1937. Causes a yellow spot differ- 
ent from the yellow spot previously reported. Also attacks 
Commelvm nuMfiora, 

CAMPAmrXACEAE 

Campanula pyramidalis 
Lycopersicum virus 3. 

Lobelia inflata 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 
Lobella spicata 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 
Lobelia splendbns 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Lobelia sp. . 

Cucumber virus 1. Ainsworth. England. 1936. 

OABYOPHTIJACEAH 

Cebastium vulgatum 

Tobacco mosaic virus 1. Holmes. Xew Jersey. 1937. 
Stellaria media 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

Black ring spot. See cabbage in Brassica. 

CB£NOPOD1A0EA£ 

Beta vulgaris 

Leaf curl or crinkle. Wille. Germany. 1928. 

Savoy. Coons, Kotilla & Stewart. U. S. 1936. This appears 
to be the same as the disease reported by Arthur and Golden 
flndiana) as a bacterial disease in 1892. 

A new mosaic disease of cabbage. Larson & Walker. Wisconsin. 
1937. 

Chenopodium album 

Black ring spoh See cabbage in Brassica. 

Tobacco virus 1, Holmes. New Jersey. 1937, 

CHENOPOblUM AMBEOSIOIDES 

Tobacco mosaic virus 3. Holmes. New Jersey. 1937. 
Chenopodium mubale 

Black ring spot. See cabbage in Brassica. 
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SaLSOLA PBSTIFm 

Curly top of sugar beet. Carter. California. 1934. 
SaBCOBATUS VEBiaOUIxATUS 

Curly top of sugar beet. Carter. California. 1934. 

Spinaoia. oueracea 

A new mosaic of cabbage. Larson & Walker. Wisconsin. N. 
1937. Tobacco ring spot. 

Spikaoia sp. 

Black ring spot. See cabbage in Brassica. 

Noote: Spinach is a host for beet mosaic in Germany and America. (Boning 
1927 and Hoggan 1933). Chenopodmm album, Amarawthus reiroflexus & Ban- 
tus arvenHs (Mouravieff et at,, 1930). Chenopodmm album in England (K. 
M. Smith in England, 1934). 

COlMQdEIilNlACEAE 

COMMELINA NUDIPIiORA. ** 

Mosaic. Carter. Hawaii. 1937. Also attacks Anmas sativtis. 
COMPOSITAE 

Ambrosia artemisifoua 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

Bidens prondosa 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

CVLBNDULV sp. 

A new mosaic of cabbage. Larson & Walker. Wisconsin. N. 
1937. 

Oalustephus sinensis 

A new virus disease. Shapovalov & Dufrenoy. France. 1936. 
Also attacks Dahlia sp. Lycopersicon esculentum and Nicoiiana 
iabacum. Transmitted by Thrips tabaci. 

Dahija sp. 

A virus disease. Shapovalov & Dufrency France. 1936. Also 
attacks CcHlisiephus sinensis, Lycopersicon esculentum and 
Nicotiana tabacvm. Transmitted by Thrips tdbaci, 

Ebigeron annus 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Erigeron canadensis 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
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GAUNSOGA PABVIPIiOBA ^ 

Tabacco mosaic virus 1. Holmes. New Jersey. 1937. 

HsUAKTHtrS TUBEBOSTTS 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
HiEEtAcnru scabbteh 

Tobacco mosfdc virus 1. Holmes. New Jersey. 1937. 
Lacttjca sp. 

Dot disease. Brandenbui^, Germany. 1928. 

IlACTUOA CANADENSIS 

Spotted wilt of tomato. Taubenbaus. Texas. 1936. 

LaCTUCA QBAMlNIPOmA 

Spotted wilt of tomato. Taubenbaus. Texas. 1936. 

IjActuoa sativa var. longifoUa 

Streak (spotted wilt) Snyder & Tbomas. California. 1936. 
This is a eoinbination of streak with pea virus 1 and pea 
virus 3. 

SeNEOIO CBXmNTUS 

Spotted wilt of tomato. Taubenbaus. Texas. 1936. Also re- 
ported by K. M. Smith in Ei^land in same year. 

Zinnia qp. 

Spotted wilt of tomato. Taubenbaus. Texas. 1936. 

A new mosaic of cabbage. Larson & Walker. Wisconmn. N. 
1937. 

OOKVOXiVUIiAaEAE 

Ipomoba. batata 

Curly top of sugar beet. Taubenbaus & Altstatt. Texas. 1936. 
Lpohoea panddba 

Curly top of sugar beet. Taubenbaus & Altstatt Texas. 1936 
L>ohoba tbepeda 

Curly top of sugar beet Taubenbaus & Altstatt Texas. 1936. 
OBTTCIFEaAE 

Babbabea vulsaios 

Curly top of sugar beet Taubenbaus & Altstatt. Texas. 1936. 
Bbassioa q>. 

A new mosaic of cabbage. Larson & Walker. Wisconsin. N. 
1937. Black ring spot of cabbage. Tompkins, Gardner & 
Thomas. California. 1937. Similar to ring spot of cabbage 
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reported by K. M. Smith in England in 1935. Attacks all 
cabbages. Infections have been obtaiaed on rhubarb, Chem- 
podium aXbum, C. murale, spinach, UteUaria media, Brassiea 
arvensis, kale, Brussels sprouts, cauliflower, broccoli, kohlrabi, 
rutabaga, turnip, wallflower, annual and Brompton stock, dame 
'idolet,, Virginia stock, water cress, honesty, Chinese radish, 
Turkish and white Burley tobacco and Nieotiana guiinosa. 

A dangerous disease of turnip, rape and rutabs^a, Ehufmau. 
Germany. 1935. Transmitted by Lygtis pratensis. 

Bbassioa adpeessa 

A new mosaic disease of cauliflower. Tompkins. California. 
1937. 

Bbassioa alba 

A new virus disease of cauliflower. Tompkins. California. 
1937. 

Bbassioa arvensis , 

Black ring spot. See cabbage. 

A new mosaic disease of cauliflower. Tompkins. California. 
1937. 

Bbassioa oampestbis 

A new mosaic disease of caulifiowei*. Tompkins. California. 
1937. 

Bbassioa alba, B. oeenua, B. napobbassioa, B. napus var. cJiineTisis, 
B. NIGRA, B. OLEHAOBA vax. hiMota, B. ttpioa. 

Mosaic. Chamberlain. New Zealand. 1936. No data to deter- 
mine if this is the same as the mosaic in other parts of the 
world. 

Bbassioa geuuifera 

Necrotic ring spot. California. 

Bbassioa juncea ooss 

New mosaic disease of cauliflower. Tompkins. California. 1937. 
Bbassioa n.vpobbassica 

New virus disease {cMorosis). Kaufman. Germany. 1936. 
Transmitted by Lygus prcUenm. 

Bbassioa napus 

New virus disease. Kaufman. Germany. 1936. Transmitted 
by Lygus pratensis. 

New mosaic disease of cauliflower. Tompkins. Califomia. 1937. 
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Bras&ica nigra 

New mosaic disease'of cauliflower. Tompkins. California. 1937. 

Brassica oleracbae (varieties acephala, gemmifera, capitata, lofrytis) 
New mosaic disease of cauliflower. Tompkins. • California. 1937. 
Cabbage ring spot. Smith. 1935. 

Brassica oleraceae var. hotrytis (broccoli & cauliflower). 

Necrotic ring mosaic. California 

Brassica oleracea var. capitata 

Necrotic ring mosaic. Mississippi and Texas. 

Brassica pe-tsai 

New mosaic disease of cauliflower. Tompkins. California. 1937. 
Brassica rapa 

New mosaic disease of eauliflowej. Tompkins. California. 1937. 
Capsella bursa-pastoris 

New mosaic disease of cauliflower. Tompkins. California. 1937. 
New mosaic disease of cabbage. Larsen & Walker. Wisconsin. 
N, 1937. 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

Chbibanthus chibri 

Cabbage ring spot virus. 

Note: Ainsworth reports that the inosaic>eolorations previously reported 
are due to a virus similar to the one reported hj Hoggan and Johnson (Phyto- 
pathology 25 : 640; and to one r^rted by K, M. Smith (Gardeners' Ohronic le 
98:213 and Ann. AppL BioL 22:230-242). 

ChEERANTHUS CHERigX ERYSIMUM CHEIEANTOIDES ^ ) . 

Cabbage ring spot. 

CoCHLEARIA AMORACIA 

Mosaic. Dana. Oregon. 1932. 

An undifferentiated Crucifer virus. 

Hesperis hatronaijs 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. N. 
1937. 

Cabbage ring spot virus 1. K. M. Smith. England. 1937. 
Iberis amaea 

New mosaic disease of cauliflower. Tompkins. California. 1937. 
Lepidiuh campestbis 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937, 

New mosaic disease of cauliflower. Tompkins. California. 1937. 
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liUN-UOA. ANNUA 

Mosaic. Ogilvie. England. 1931. * 

New mosaic of cauliflower. Tompkins. 1937. 

Brassiea virus 3. K. M. Smith. England. 1937. 

Coarse mottle (Crucifer virus). 

Mathiola bicornis 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Mathiola incana 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Cabbage rii^ spot virus 1. £. M. Smith. England. 1937. 
Bosette virus 3. K. M. Smith. England. 1937. 

A new mosaic of cabbage. Larsen & ‘Walker. Wisconsin. N. 
1937. 

A new mosaic of cauliflower. Tompkins. California. 1937. 

Stunting. Beet virus 1. K. M. Smith. England. 1937. 

• 

Nasturtium oepioinale 

Cucumber mosaic virus 1. Ainsworth. England. 1935. 
Badicula palustris 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Baphanus raphanistrum 

New mosaic of cauliflower. Tompkins. California. 1937. 

Baphanus sativus oaudatus 

Mosaic. Kulkami. India. 1922. 

SlSYMBBIMUM ALTISSIMUM 

Curly top of sugar beet. Carter. California. 1930. 
Sisymbrium ofeioinalb 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Sisymbrium thaunum 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

SopHU muFsa 

Curly top of sugar beet. Carter. California. 1930. 

SoPHU Sqpjboa 

Curly top of sugar beet. Carter. California. 1930. 

Thlaspi abvensb 

A new mosaic of cabbt^. Larsen & Walker. Wisconsin. N. 
1937. 
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OUCUBBITACEAH 

Micrampelis lobata * 

Cucumber virus 1. Was reported without number by DoolitQe 
1925. 

EOPHOEBIACEA 

Euphorbia peplus 

Mosaic. New South Wales. 1936. 

JlANmOT UTILISSIilA 

Stem lesion cause by Manihot virus 2. 

PedHjiAnthds augustipolius 

Specimens brought to the writer by Mr. J. I. Otero, September 
21, 1936 showed symptoms of mosaic which were apparently 
due to a virus. Puerto Bico. 

GEBAKIACEAE 

Geranium caeolinianum 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
Pelargonium domesticum 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 
Pelargonium graviolens 

Spotted wilt of tomato. Taubenhaus, Texas. 1936. 
Pelargonium zonale 

Mosaic. Jones. Washington State. N. 1937. 

Crinkle. Jones. Washington State. N. 1937, 

GBAMDiTBAE 

Agbopyron bepens 

Mosaic rosette of wheat, McKinney. Mississippi Valley. 1937^ 
Yellow mosaic of wheat. McKinney. Mississippi Valley. 1937. 
Saccharum ofpicinarum 

Note: The following five diseases of minor importance which have beea 
reported show some characteristics of vims diseases bnt it has not been pioveA 
that they are caused by vimses. 

Leaf freckles. Priode. Cuba. 1929. 

Lemon stripe, Priode. Cuba. 1928. 

Spindle blotch. Paris. Cuba. 1927. 

Spindle blotch. Paris. Cuba. 1927. 

Gray stripe, Weir. Cuba, 1927. 
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TRmCUM AESTmjM 

Green mosaic rosette (virus 1). McKuJney. Illinois. 1937. 
Green mosaic (virus 2). McKinney. Virginia. 1937. 

Yellow mosaic (virus 3). McKinney. Illinois. 1937. 

Light green mosaic (virus 4). McKinney. Kansas. 1937. 
Yellow mosaic (virus 5). McKinney. Kansas. 1937 
Mild streak (virus 6). McKinney. Kansas. 1937. 

Yellow streak (virus 7). McKinney. Kansas. 1937. 

Triticum sp. 

Green and yellow mosaic. Wada & Fukana. Japan. 1937. 
Zea mays 

New disease. Storey. South Africa. 1937. Irausmitted by 
Ciead/alma mbUa. 


Freesia sp. 

Freesia mosaic. 


XBIDAOEAH 


Iris richaridi 

Mosaic. Brierley & McWhorter. Pacific Coast. 1936. 

Iris unouicul.vris xlba. 

Mosaic. Brierley & McWhorter. Pacific Coast. 1936. 
Narcissus spp. 

•Narcissus stripe (Tulip virus 1) Atanosoff. Bulgaria, 1928. 


JTTGIiANBAOEAS 

HiCORIA AQUATIOA & H. PECAN 

Bunch disease. Cole. Louisiana. 1936. May be a vims dis- 


Hedeoma pulegiodes 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

LaUIUN AMFUmCAUUB 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
pRUNEDDA VUIiOABIS 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
jSAiiVU sp. 

Chlorosis. New South Wales. 1932. 



iSfS THE JOUENAL OP AGMOtH/TtlBB OP THE TTNIVEBSITT OP P. B. 

xsatmiN'osAE 

ClOEB AB1ETI0U • 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 
CsOTAIiAHIA maVNA 

Mosaic. Virginia. Johnson & Lefebvre. N. 1937. 

CROTAIiASU intebhedia 

Mosaic. Virginia. Johnson & Lefebvre. N. 1937. 

GbOTALARIA HANOIOIjATA 

Mosaic. Virginia. Johnson & Lefebvre. N. 1937. 

CbOTALABIA MAXILLAEIS 

iilosaic. Virginia. Johnson & Lefebvre. N. 1937. 

Cbotaiasea betusa 

Mosaic. Vh^mia. Johnson & Lefebvre. N. 1937. 

CbOTALAIKLV SPECTABHiK 

Mosaic. Virginia. Johnson & Lefebvre. N. 1937. 

GbOTAIiABU USABAMOEHSm 

Mosaic. Virginia. Johnson & Lefebvre. N. 1937. 

DeSKODIHH CAHADElirSB 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 
Qusditsia tbucathus 

Witches* broom. Grant & Ilartiey. Ohio. 1938. 

LATHTBUS lATIPOIirUB , 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Enation mosaic. Johnson & Jones. Washington State. 1937. 

Lathtbxts odobatus 

Pea mosaic virus No. 2 from Vida faba by Maerasiphum pisi. 
Osborn. New Jersey. 1937. 

Streak (spotted wilt) Snyder & Thomas. California. 1936 
Combinations of streak with pea virus 1 and pea virus 3. 
Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Enation mosaic. Johnson & Jones. Washington State. 1937. 

LaTHVBUS SATIV'OS 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Lens ssouiiEnta 

Severe mosaic. Johnson & Jones. Washii^on State. 1937. 
Pea virus 1 & 2 (slarains 2-A, 2-B & 2-C). Stubbs. Wisconsin. 
1937. 
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Lupinus sp. 

A virus disease. Spienrenburg. Gernfany. 1936. 

A browning virus. Kohler. Germany. 1937. Same as Ain- 
sworth’s yellow mosaic of cucumber, Johnson’s cucumber virus 
1 and spinach mosaic. 

Lupinus albus 

Pea mosai<^ virus 3. Murphy & Pierce. Idaho. 1937. 

Lupinus angustipolius 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 
Cucumber virus 1. K. M. Smith. England. 1937. 

Lupinus dbnsiplorus 

Pea mosaic virus. Murphy & Pierce. Idaho. 1937. 

Lupinus haetw^egu 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Lupinus ueucophyllus 

Tomato spotted wilt virus 3. K. M. Smith. England. 1937. 
Lupinus nanus 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Lupinus sugarnosus 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Medioago arabica 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Dwarf. 'Weimer. U. S. 1936. Transmitted by grafting but not 
by inoculation. 

Medioago hispida 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 
Medioago lupuiiIna 

Severe mosaic. Johnson & Jones. "Washington State. 1987. 
Medioago sativa 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Enation mosaic. Johnson & Jones. Washington State. 1987. 
♦Alfalfa virus 2. Pierce. Wisconsin. 1984. 

•White clover mosaic virus 1. Pierce. Idaho. 1935. 

Lucerne or alfalfa mosaic (Medicago virus 1). 

Mblilotus alba 

Vein-mosaic. Osborn. New Jersey. 1937. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Pea mosaic virus No. 2 from Vicid fdbo, by McLcrosiph/UM pis%. 
Osborn. New Jersey. 1937. 
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IIelilotus alba var. ailnua. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Pea mosaic virus 2 from Vida faiba by Macrosiphmn Os- 

born. Nevr Jersey. 1937. 

MELILOTUb INDICA 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

ilSLILOTUB OPPICINALIS 

Severe mosaic. Johnson & Jones. Washington State. 1937, 

* Yellow bean mosaic virus 2. Pierce. Wisconsin. 1934. Idaho* 
1935. 

* Common pea mosaic virus 3. Pierce. Idaho. 1935. 

•White clover mosaic virus 1. Pierce. Idaho. 1935. 

Pea mosaic virus 3. Murphy & Pierce. Idaho, 1934. 

Phaseolus acutipomus var. latifoUus 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1934. 

One* sided mosaic on refugee bean. Horsfall, Burkholder & 
Eeiiiking. New York 1937. This disease was mentioned by 
Harrison & Burkholder in 1936. 

Phaseolus vulgaris 

Pea mosaic virus 2 from Ticia faba by Macrosiphum pisi. Os- 
bom. New Jersey. 1937. 

Dwarf. Harrison & Burkholder. New York. 1936. N. 

Se\ere mosaic on several varieties. Johnson & Jones. Wash- 
ington IState. 1937. 

Enation mosaic on C^orbett refugee only. Johnson & Jones. 
Washington State. 1937. 

* Common bean mosaic virus 1. Pierce. Wisconsin. 1934. 
Idaho. 1935. 

* Yellow bean mosaic virus 2. Pierce. Wisconsin. 1934. Idaho, 
1935. 

•White clover mosaic virus 1. Pierce. Idaho. 1935. 

* Tobacco mosaic virus 1. Pierce. Wisconsin. 1934. 

* Tobacco ring spot virus. Pierce. Wisconsin. 1934. 

Noth: Corrections: Bean viruses Nos. 1 & 2, alfalfa virus No. 2 mS, 
tohaeeo ring q>ot vims wMeh are credited to Price on page 703 of the second 
supplement should be credited to Pierce. Pea viruses Nos. 1 & 3, soy beaUt 
rims No. 1 and local lesion virus are not transmissible to Phaseolus vulgaris. 
Th^ should he listed under Pisum satvuwm. 
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PiSUM SATWrM 

Local lesion virus. Pierce. Idaho. 

Streak (spotted wilt). Snyder & Thomas. California. 1936. 

N. This is a combination of streak with pea viruses 1 & 2. 
Mosaic. Inoculated from Trifolium pratense, T, repens, T, hy- 
bridum and MelUotus alba. Zaumeyer & Wade. 1936. 

Pea viruses 1 & 3. Pierce. Idaho. 1934. 

Pea viruses 1 & 2 (strains 2-A, 2-B and 2-C). Wisconsin. 
1937. 

Pea mosaic virus No. 2 from Vida faba by yiacrosiphum pm. 

Osborn. New Jersey. 1937. 

Tobacco ringspot virus. Stubbs. Wisconsin. 1937. 

Soy bean virus 1. Pierce. Idaho. 1934. 

Bnation pea mosaic virus 1. Pierce. Idaho. 1935. 

*Enation pea mosaic virus. Johnson & Jones. Washington 
State. 1937. Similar to Zaumeyer & Wade’s common pea mo- 
saic but different in that it does not attack refugee bean. 

♦ Common pea mosaic (pea virus 1). Pierce. Idaho. 1935. 
•White clover virus. Pierce. Idaho. 1935. 

• Broad bean local lesion virus. Idaho. Pierce. 1935. 

Yellow bean virus 2. Pierce. Idaho. 1935. 

Severe mosaic. Johnson & Jones. Washington. 1937. Similar 
to Zaumeyer & Wade’s sweet clover mosaic. 

Datura virus 1. 

Note : Chamberlain (Australia 1937} reports that the pea mosaic of Australia 
is same as in IT. S. That it attacks blue lupins^ broad beaii% sweet peas and 
garden peas. Tt is transmitted by I£ytms •persioae. Aphis rwnids and Macro- 
siphum gei. 

SOJA MAX 

* Soy bean mosaic virus 1. Pierce. Idaho. 1935. 

* Bnation pea mosaic virus 1, Pierce. Idaho. 1935. 

•Broad local lesion virus. 

Vein mosaic. Osborn. New Jersey, 1937. 

TniFOIilUH AGRAKTUM 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 
TaiPOIilUM CAROUNIANUM 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 
Tbipolium dubium 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 
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Tbifoltom GLOMEBATUM ^ 

Pea mosaic virus 3. IMurphy & Pierce. Idaho. 1937. 

TEXPOIiTOM: HTBRIDUM 

Mosaic virus 1. Zaumeyer & Wade. U. S. 1936. 

Severe mosaic. Johnson & Jones. Washington State. 1987. 
Enation mosaic. Johnson & Jones. Washington State. 1937. 
Vein mosaic. Osborn. New Jersey. 1937. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Tbipolixjm incabnatxjm 

Pea virus 2 from Vida faba by Macrosiphum pisL Osborn. 
Ne^v Jersey. 1937. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Vein mosaic. Osborn. New Jersey. 1937. 

Tbipolium pratense • 

Pea virus 2 from Tida faha by Macrosiphum pisi. Osborm 
New Jersey. 1937. 

Severe mosaic. Johnson & Jones. Washington State. 1937* 
•Alfalfa virus 2. Pierce. Wisconsin. 1934. 

• Common pea mosaic virus 3. Pierce. Idaho. 1935, 

Yellow beau virus 2. Pierce. Idaho. 1935. 

•White clover mosaic virus 1. Pierce. Idaho. 1935. 

Vein mosaic. Osborn. New Jersey. 1937. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Thtpoiaum peoctjmbbns 

Pea mosaic virus 3, Murphy & Pierce. Idaho. 1937. 
Tbipolium beplexum 

Pea mosaic virus 3, Murphy & Pierce. Idaho. 1937. 

Tbipoliijm repbns 

White clover mosaic virus 1. 

Tobacco ring spot. 

•Alfalfa virus 2. Pierce. Wisconsin. 1934. 

•White clover mosaic virus 1. Pierce. Idaho. 1935. 

Severe mosaic. Johnson & Jones. Washington State. 1937* 
Vein mosaic. Osborn. New Jersey. 1937. 

Tbipolium suaveolenb 

Pea mosaic virus 3. Mui'phy & Pierce. Idaho. 1937. 
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VlOIA FABA , 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Vein mosaic. Osborn. New Jersey. 1937. 

Vicu FABA var. minor. 

* Yellow bean mosaic virus 2. Pierce. Wisconsin. 1934. Idaho. 
1935. 

* Alfalfa virus 2. Pierce. Wisconsin. 1934. 

* Tobacco ringspot virus. Pierce. Wisconsin. 1934. 

" Common pea mosaic virus 3. Pierce Idaho. 1935. 

* Enation pea mosaic virus 1. Pierce. Idaho. 1935. 

•White clover mosaic virus 1. Pierce. Idaho. 1935. 

Pea mosaic virus 3. Murphy & Pierce. Idaho. 1937. 

ViCIA SATIVA 

Severe mosaic. Johnson & Jones. Washington State. 1937. 
Pea mosaic virus 3. Murphy & Pierce. Idaho 1937. 

* Note: Coireetioii for error on. page 703 of first supplement. Three records 
attributed to Price should have been credited to Pierce, who has given me his 
records in foIL These records are marked in the preceding paragraphs with * 

Note: The enation mosaic virus appears to be the same as common mosais 
of Johnson & Jones, and of Osborn and similar to the one reported by Zaa- 
meyer & Wade in 1936. It differs from the bean mosaic of Z. & W. (193$). 
The severe mosaic virus appears to be similar to that reported by Pierce (1935) 
and to that described by Z. & W. (1936) as pea virus 3. 

« 

LIXJAOEAE 

Fbitillabia casibcuatcensis 
Qreen mosaic. Japan. 

Htcinthus spp. 

Hyacinth stripe, virus 1 (same as tulip vims). 

Liudu sp\ 

Crooked neck. Stout. New York. 1927. 

Pimple leaf. Ejuown by New York florists for many years. 

IdUUM AtTBATHTM & VST. plotyphyUim 

Green mosaic, yellow mosaic and crooked nedk. Eawamura. 
Japan. 1938. 

LHJUU OANDIDUM 

Latent virus (same as tulip virus). McWhorter. Oregon. 1937. 
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Lll.nnC ELEOAKS 

Greea mosaie. KawamtiTa. Japan. 1938. Also on several var 
rieties. 

Ydlovr mosaie. Knwamnra. Japan. 1938. Also on variety 
dmiplenes. 

LOilCrM lOKQIPLOBTTU 

Latent virus (same as tulip virus). MeWhorter. Oregon. 1937. 

Lniiuil ZOHGIPLOBTJU POBHOSAHUH 

Green and yellow rosette and pimple leaf. ! 

Lhadec longiplobhu csgantioh 

Green and ydOLow rosette and pimple leaf. 

LmnjM LONGiPOUus AinouABGmATUs and also var. Togo. 

Yellow mosaic. 

Green mosaic on varieties Agata and Togo. 

LlUUlf HEIOHTLnni ICAZIUOWIOZQ 

Green mosaic. 

IduuK sPEaosnu Ainmi; ' ' 

Green and ydlow mosaie. 

LhAHU SPEGIOSUU BXTBBUai 

Green and yellow mosaie. 

liHiiuu sPBcaosnu kbaetzebi 
G reen mosaic. 

liimnK TIGBINUU 

Latent vims (same as tulip virus). McWliorter. Or^on. 1987. 
Tomato spotted wilt. New South Wales. 1936. 

Green mosaie. 

Liucru TiOBmuH pobtdnei 
G reen and yellow mosaic. 

LHiIDJU uketubi 
G reen mosaic. 

ICAXryACaBAS 

AnunLUM abbobum 
AbutOjON'' PATEBSOm 
ABonpoiiniM Ympouini 

Abctilok toneuanum 

Vari^ations. Morreus. Mesieo. 1869. 


. Chlorosis. Liademuth. 1872-78. 
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MOBACEAE 

Humulus lupulus 

Fluffy tip or bunchy top. Salmon. England. 1936. Prob- 
ably due to a virus. 

K'ote!: According to Salmon (1935) the definite tItus diseases previously 
ffeported are nettleh^ad, mosaic, chlorotic disease. 

Slip down. Magie. New York. 1937. 

Mobus sp. 

Mosaic. New Jersey. 1936. 

MTBTAOEAE 

Chamaelanoium uncinatum 

Mosaic. New South Wales. 1935. 

PAPAVEEACEAE 

« 

CHEIilDOMItru: UiLJXJB 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
PASSIFLOBAOEAE 

Passifloba sp. 

'Woodiness or bullet disease. New South. Wales. 1928. 
PaSSDTjORA AtTBAimA 

Woodiness or bullet disease. New South Wales. 1928. 
PaSSIFLOBA OOBBUIjEA 

Woodiness or bullet disease. New South Wales. 1928. 
PASSDTiOBA EBBTIANA 

Woodiness or bullet disease. New South Wales. 1928. 
PASSUnjOBA ISOASNAXi. 

Woodiness or bullet disease. New South Wales. 1928. 
Passifloba hxmsA 

Woodiness or bullet disease. New South Wales. 1928. 
Passifloba QUAnBANaUIABaS 

Woodiness or bullet disease. New South Wales. 1928. 
Passifloba subebosa 

Woodiness or bullet disease. New South Wales. 1928. 
Tasoeia MOmSOCA 

Woodiness or bullet disease. New South Wales. 1928. 
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PKTTOIiAOOAOSLAE 

PH7T0I<A00A siboandba 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
FlLAKTAanrAOEAE 

Plantaoo uajob 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

PltANTAOO KBGZU 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 
PliANTAGO lANCEOliATA 

Tobacco mosaic virus 1. Holmes. New Brunswick. 1937. 
POZiTOOKAOBAB 

Pagoptbum bscltletum 

Stunting (cucumber virus 1) K. M. Smith. England. 1937. 
POLTQONUM AVtCULABB 


Tobacco mosaic virus 1. 

Holmes. 

New Jersey. 

1937. 

POLTQONUM CONVOLVULUS 
Tobacco mosaic virus 1. 

Holmes. 

New Jersey. 

1937. 

Polygonum brectum 

Tobacco mosaic virus 1. 

Holmes. 

New Jersey. 

1937. 

Rheum sp. 

Black ring spot. See cabbage in 

Brassica. 


Rumex sp. 

Tobacco mosaic virus 1. 

Holmes. 

New Jersey. 

1937. 

Rumex acetosella 

Tobacco mosaic virus 1. 

Holmes. 

New Jersey. 

1937. 


RtrUES SGUTATUS 

Curly top of sugar beet. ' 


FBIBCqLACrBAB 

PsmUIA ABCONIA 

Cucumber virus 1. Ainsworth. England. 1936. 

PlHMULA JAPONICA 

Cucumber virus 1. Ainsworth. England. 1936. 

KANUNOOI^OEAB 

Delphinium sp. 

Witches’ broom. Same as stunt. Stunt, dwarf and witches^ 
broom are due to the same virus. 
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Paeonia. sp. 

Eingspot, Green. England. 1935. 

Ranunculus sp. 

Yellows. New South Wales. 

Ranunculus pascicularis 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 
Ranunculus pusillus 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 
Ranunculus scleratus 

Curly top of sugar beet. Taubenhaus. Texas. 1936. 

BOSACHAE 

Gotoneasteb harboviana 

Mosaic of apple. See Pyrus, 

Eriobotrya japonica 

Mosaic of apple. See Pyrus, 

Fraoaria sp. 

Mosaic- New South Wales. 1936. 

Crinkle of strawberry. Wormald & Harris. England. 1936. 

Photinia arbutipolia 

Mosaic of apple. See Pyrus. 

PRUNUS sp. 

Mosaic of apricot, cherry, peach and plum reported by Atanasoff 
in 1934. Transmitted by Anwraphis padi. 

Mosaic was believed to be the same as peach mosaic (but not 
proven) was reported on apricot, almond, prune, plum and 
Myrobalan plum in California by Cochran in 1937. 
Apparently a new disease of prume. Thomas & Hildebrand.. 
New York. 1936. 

Prunus alleghaniensis 

Asteroid spot. Cochran & Smith. California. N. 1938. 

Prunus akmeniaca 
Peach rosette. I. 

Peach mosaic. 

Prunus Americana 

Little peach. Manns. Delaware. 1936. 

Peach yellows. Hartzell. New York. 1935. 

Peach rosette. I. 
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Prunus communis 

Peach mosaic. » 

Peach yellows. HartzelL New York. 1935. 

Pbunus domesticus 

Little peach. Manns. Delaware. 1936. 

PRUNUb DOMESTICUS var. nucipersica 

Peach yellows. Hartzell. New York. 1935. 

PBUNUfc MTROBALAN 

Ydlows. Manns. Delaware. 1936. 

Little peach. Manns. Delaware. 3936. 

Prunus salicina 

Peach yellows. Hartzell. New York. 1935. 

Little peach. Manns. Delaware. 1936. 

Pybus sp. 

Infections vari^ations of apple foliage. Vibert. Prance. 1935. 
Mosaic. Thomas. California. 1937. Reports that this disease 
is transmissible from Pyrus malus to Coloneaster harreviana, 
Eriohotrya Japonica, Photin/ia ariutifoUa and in one case to 
Sorbus paUesoens, 

Pybus aucdparu 

Variegations. Pyms vrius 1. Atanosoff. Bulgaria. 1935. 

Pybus communis 

Apple mosaic (Pyrus virus 2). 

Pybus cydonia 

Apple mosaic (Pyrus virus 2). 

BUBUS ALLEGHENIENSIS 

Mosaic (rare). Cooley, Western New York. 1936. 

Streak. Cooley. Western New York. 1936. 

Eubus occidentalis 

Mosaic (rare). Cooley. Western New York. 1936. 

Leaf curl (rare) Cooley. Western New York. 1936. 

SOBBUS PALLtESOENS 

Mosaic of apple. See Pyrus, 

BUTAOEAE 

Cepbtts sp. 

Corrugations or ribbings of lemons. Casella. Italy. 1933. 

Not proved to be due to a virus. 
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SCBOPHtriiASIAOEAE 

Linabia vulgaris 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

Pbcntstemon sp. 

Mosaic (cucumber virus 1). K. M. Smith. England. 1937. 

VeSBONIOA OFPIOINAIilS 

Tobacco mosaic virus 1. Holmes. New Jersey. 1937. 

SOI^AOBAE 

Bbowallia speciosa var. major 

Tobacco mosaic virus 1. Holmes. New Jersey. I. 1937. 

Capsicum sp. 

Virus P (same as tuber blotch and Monocrat virus). Clinch, 
Loughnane & Murphy. Ireland. 1936. Also reported from 
Australia by Bald in 1937. 

Bundiy top of tomato. MeClean. South Africa. I. 1935. 

Capsicum prutesoens gbossum 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 

Datura meteloidbs 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Datura stuamonium 

Virus P (same as tuber blotch and Monocrat virus). Clinch, 
Loughnane & Murphy. Ireland. 1936. 

Streak (spotted wilt). Snyder & Thomas. CaUfomia. 1936. 
This is a combination of streak with pea virus 1 and pea 
virus 3. 

Datura tatula 

Spotted wilt of tomato. Taubenhaus. Texas. 1936. 

Ltgopebsioum esculentum 

Tomato ring mosaic streak. 

Tomato bushy stunt. Lyeopersioum virus 4. Ainsworth. En- 
gland. 1933. 

Enation mosaic (fern leaf lype). Ainsworth. England. 1935. 
Due to a vims related to common tomato mosaic virus. 

Pern leaf, which may be different from the fern leaf in America. 
Ainsworth. England. 1935. It was reported as a new dis- 
ease. The virus appears to have about the same host range 
as tobacco virus 1 and it is thoi^ht that it should be consid- 
ered a strain. 
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A virus disease. Shapovalov & Dufrenoy. France. 1936. 
Also ataeks CalUitephus sinensis, DdhMa sp. Nieotic/nch tohaoum. 
Transmitted by Thrips tdbaei. 

Spotted wilt of tomato. Brittlebank. 1919. This corrects the 
date of the former record. 

Leaf curl. Pal & Taudon. India. 1937, See N. idbaeufn. 

Ltooper&icon piMPnraujiFOiiiuM 

Bunchy top of tomato. McOlean. South Africa. I. 1935. 

NiCOTIANA BIGIiOVn 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1987. 
See Brassica. 

XlCOTUNA CAIiTCIFLOBA 

A new mosaic of cabbage. Larson & Walker. Wisconsin. 1937. 
See Brassica. 

XlCOnANA GliUTINOS^ 

Streak (spotted wilt). Snyder & Thomas. California. 1936. 
This is a combination of streak virus with pea virus 1 and 
pea virus 3. 

Leaf curl. Pal & Tandon. India. 1937. See N. tdbacwm. 

A new mosaic of cabbage. Larsen & Walker, Wisconsin. 1937. 

KiOOXIANA liAKCSDOEFII 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937. 

XieOTIANA LONGIFLOBA 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937. 
Nicotiana mtaltivalvis 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937. 
Nicotiana quadbivaiiVis 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937. 
Nigotiaka bsspanda 

A new mosaic of cabbs^. Larsen & Walker. Wisconsin. 1937. 
Nigotiaka bustioa 

TeUow dwarf of potato. Black. New York. I. 1937. 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937 
Leaf curl. Pal & Tandon. India. 1937. See N. tabacum. 
Nigotiaka sziiVEsrsis 

A new mosaic of cabbage. Larsai & Walker. Wisconsin. 1937. 
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Nicotiana tabaoum 

A vums disease. Shapovalov. France. 1936. Transmitted by 
Thrips tdbad. 

Big bud New South Wales 1936. 

mng spot No. 2 Price. New Jersey. 1936. 

Virus F (same as tuber blotch and Monocrat virus). Clinch, 
Loughnane & Murphy. Ireland. 1936. 

TeUow dwarf. Hill Australia. 1937. 

BufSe leaf. Lehman. North Carolina. N. 1937. 

A new mosaic of cabbage. Larsen & Walker. Wisconsin. 1937. 

Leaf curl (five types due to four distinct viruses A, B, C, D 
and mixtures of two or more known as X and transmissible 
to all Turkish varieties and to N. rustica, N. gluHnosa, SoUmum 
nigrum, Lyaopersicwm escfuAentum and Petwma sp.) Pal & 
Tandon. India. 1937. 

Bergerac rmgspot. Virus 14. 

Tomato streak. Lycopersieum virus 1. • 

Hyoscyamus mosaic. Hy virus 1. 

Datura virus 1. K. M. Smith. England. 1937. 

Ruffle leaf. Lehman. North Carolina. 1987. Resembles “kroe- 
poek” of South African and Java. 

Yellow mottle. Putman. Canada 1937. A member of the 
latent or X virus group. 

Petunia sp. 

Virus F (same as tuber blotch and Monocrat vims). Clinch, 
Loughnane & Murphy. Ireland. 1936. 

Leaf curl. Pal & Tandon. India. 1937. See N. taXtacwn. 

Physaus (two species) 

Bunchy top of tomato. McClean. South Africa. I. 1935. 

PhYSALIIs pbeuvuna 

Spotted wilt of tomato. X. M. Smith. Finland. 1936. 

SCHIZANTHtrS PINNATUS 

Spotted wilt of tomato. Taubmihaus. Texas. 1936. 

SOHIZANTHUS EETT7SUS 

Witches’ broom caused by an attenuated strain of potato Y 
vims Salaman. England. 1937. 

SoiiANUif (7 species) 

Bunchy top of tomato. McClean. South Africa. 1. 1937. 
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SOLAKOI CABOUNENSB 

Curlj' top of sttgax tieet. Tsubenlia'ns & Altstatt. Texas. 1936» 
Solantm dolcamaba 

Auciiba mosaic of potato. Clinch. Loughnane & Murphy. Ire- 
land. 1936. 

SoiiANCM BLAEAGNIFOIilUM 

Mosaic. Young. Altstatt & Harrison. Texas. 1937 (1938). 

SOLANUai HIGRUM 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 
Virus P. Bald. Australia. 1937. 

Leaf curl. Pal & Tandon. India. 1937. See N. tcAaeum. 
SoixAKUM KOmFLOBUU 

Virus P (same as tuber blotch and Monocrat virus). Clinch, 
Loughnane & Murphy. Ireland. 1936. 

SOLANUU ROSTBATUU 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 
SoiiANUM TBIFLUBUM 

Ciurly top of sugar beet. Carter. California. 1930. 

Squanuu tubebosum 

Virus P (same as tuber blotch and Monocrat virus). Clinch, 
Loughnane & Murply. Ireland. 1936. Also Bald. Austra- 
lia. 1937. 

Tuber bloteh viims (Solanum virus 8). 

Spring head (same as stehelkoffen in Holland, cui'ly dwarf and 
bukett disease). Besult of mixture of mild mosaic virus and 
stipplestreak (aeropetal necrosis) virus. Botjes. Holland. 
1937. 

Beddick (1036) reported that aeropetal neerosie virus was 
as vdxi baadiug vims. 

Ifom: Ooirectiou: Viruses Hy. XX and Hy. XV may be regarded as strains 
of potato mosaic vims. Vims Hy, XIX is eutiiely different and does not attack 
potato. Hy. IV may be same as potato vims X. This eorreetion of the second 
siqiplement is made in aceordance •with request from If. A. Watsan. 


theaoeah 


Thba sp. 

Curly leaf or Phlomn disease, (^d. C^lon 1936. 
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THYMEXiACEAE 

Daphne sg. 

Greening {Ij New South Wales. 1935. 
Mosaie (?) Ne^^ South Wales. 1935. 


TBOPAEOIiACEAE 

Tropaeolium minus 

Curly top of sugar beet. Taubenhaus & Altstatt. Texas. 1936. 


T nvraT!T.T.rPT8tt.-R A T! 

Apium graveolens 

Mosaic. New South Wales. 1935. 

DaucuvS carota 

Yellows. Conn. & New York. 


VIOIAlCEAE 


Viola cornuta 

Mosaic (cucumber virus 1). K. M. Smith. England. 1937. 


Viola odorata 

Curly top of sugar beet. Taubenhaus & Altstatt Texas. 1936. 
Viola tricolor 

Cucumber mosaic virus 1. K. M. Smith. England. 1936. 




SECOND SUPPLEMENT TO THE INDEX OF VEGTOBS OF 
VIRUS DISEASES OF PLANTS * 

By Meltoob T. Oooe, Plant Pathologigt. 

AcEBTOGWULIA. SAKGTIINOIimTTA 

1937. Yellow dwarf of potato. Potato to potato. Blaek. New 
York 

ArnntAPHis pida 

1934. Atanasoff reported that this vector tnuasmitted a mosaic 
among apricot, cherry, peach and plnm. 

Afms bubicoia 

1936. Leaf curl. Basberry to rasberry. Cooley. Western New 
York. 

Aphis pabae 

1936. Yellows. Beet to beet. Boland. Belgium. 

Aphis gossyph 

1937. Mosaic. Commelina nudiflora to Amtnas sativus. Carter. 
Hawaii. 

BKEyiCOBTNB BRASSICA 

1937. New mosaic of cauliflower. Among susceptible Cruci- 
feraceae, Tompkins- California. 

1937. New mosaic disease of cabbage. Among susceptible va* 
rieties. Larsen & Walter. Wisconsin, 

GaPITOPHOBUS FBAGAEPOIilA 

1936. Yellow edge. Strawberry to strawberry. Massee. En- 
gland. 

CicadttIjIa mbila 

1937. New disease. Zea mays to Zea mays. Storey. 

Dslphacodes stbiatella 

Transmits dwarf disease virus of rice. 

sp. 

1926. Spotted wilt of tomato. Tomato to tomato. Australia. 

f 

■■ '■ * 
* Jounal of the Depairtinent of AgTimOtaTe of the TTnirer^tgr of PoBiio Bite. ia(a)s 
407-420. JTuIy, 1085. 

Jooxnal of the Deparbneiit of Agrtenltare of the University of Puerto Bioo. 20(8): 
729-739. July, 1980. 
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Ltoxts PRATESETSIS 

1935. A virus dise&e. Brassioa to Brassiea. Kaufman. Qer- 
many. 

Magbosiphuii mUDStOIA. 

1937. YeiiL mosaic. Transmitted amou^ MdUotus alba, Pktm 
sativum (several varieties), TrifoUvm pratenss, T. repens, T. 
hybridum, T. ineamatum and Vieia fdba. Osborn. Kew 
Jers^. 

1937. Pea virus 2. Vieia faba to Lathyrus odoraius, MeHUotus 
L^uminoseae. Murpby & Pierce. Idaho. 

Macsosiphuu: pisi 

1937. Pea virus 2. Ftcia faia to Lathyrus odoratus, MdlUofus 
(Uba, Phaseolus vuiga/ris (laany varieties), Pisum sativum, Tri- 
folium ineamatum and T. pratense. Osborn. New Jers^. 

Macbosiphuu sqlanifoiji 

1937. Mosaic. Commelma nudijlora to Ananas sativus. Carter. 
Hawaii. 

Macbopsis tbeuaoxtuta 

1936. Little peach. Between peach and plum. Manns. Dela* 
ware 

1936. Peach yellows. Between several species of Pmuus. 
Manns. Delaware. 

MnLANTOPPis FEiima, ii. bivittattjs, if. PLUBEias and ic. Au fl u gM PBanns 
1928. Spindle tuber. Potato to potato. Gk>8S. Nebraska. 
Mtzus cnccuHFUErns 

1928. Tulip mosaic. Tulip to tulip. Brierley & McKay. 
Oregon. One case. 

Mrzus PEiBSICAE 

1936. Tims P (tuber blotch and Monocrat virus). Clinch. 

Loughnane & Murphy. Irdand. 

1936. Yellows. Beet to beet. Boland. Bdgium. 

1936 Mosaic. Beet to beet. Boland. Belgium. 

1936. Iris mosaic. Iris to Iris. Brierley & Memorter. IT. S. 
Pacific Coast 

1937. New virus disease of caulifiower. Among susceptible 
Crudfereae. Tompkins. California. 

1937. Mosaic. Commebina wudiflora to Ananas sativus. Carter. 
Hawaii. 
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1937. New virus disease of cabbage, -^ong many susceptible 
species and varieties. Larsen & Witer. Wisconsin. 

Note: A eorrectioiL. This i^eeies does not transmit virus H 7 . IV ox po- 
tato virus X as stated in the first supplement. 

Mtzus SOLANI 

Note: McKay (1929) of Oregon reports that recent work does not indicate 
that this insect is a vector of tulip mosaic as previously reported. 

Rhopalo&iphum pseudobeassioae 

1937. New virus disease of cauliflower. Amor^ susceptible Crw- 
cifereae. Tomptins. California. 

1936. A virus disease. Between Dahlia sp. CalUstephus sinensis, 
Lycopersicon eseulentnm and iV*. tolactm. Shapovalov & Du- 
frenoy. France. 

ToXOPTBBA AtHEtANTO 

1933. Transmits a corrugation or ribbing of lemons. Casella. 
Italy. 




THE WITCHES’ BBOOH OF TABEBUIA PALLIDA IN 
FXJEBTO BIGO 

By MbOiVillb T. Cook, Plant Patholo^k^, 

A witches’ broom of Tabebida paJMdd has been Ismim for many 
years and has been attributed to seyeral causes sndi as fungi and 
insects but 'without definite proof in any case. This abnormality 
develops during periods of rapid growth as numerous short dioots in 
which the leaves are smaller than normal. A few apparently normal 
shoots with normal leaves are usually present among the abnormal 
twigs. The nodes of the abnormal shoots are thick and the inter- 
nodes short. A few flowers and an occasional short seed pod may 
appear in the broom. All the shoots are green for several wedbs 
or months. This is followed by the death of some of the shoots and 
eventually the entire broom. A few new shoots may devdop in the 
old broom during periods of active growth for years. In some cas^ 
the majority of branches on a tree develop these very unsightly 
brooms. 

In the spring of 1936 the writer began a series of tests to deter- 
mine the possibilities of this disease being due to a virus. Inocula- 
tions with the sap from diseased plants gave negative results. Bud- 
ding with buds from diseased trees gave a low percentage of in- 
fections although the buds died. The studies indicate that the in- 
oculations must be made during periods of active growths. The 
symptoms develop in three to four months after budding. The brooms 
usually appear at the nodes just above the points where the bud 
was inserted. After the formation of the first broom, other brooms 
will devdop in other parts of the tree. These new brooms may 
develop on the branch in which bud was inserted or on other branches. 
The evidence indicates that the virus or active agent travels in both 
directions. 

The illustration is the first broom developed by bud inoculation. 
The tree developed many brooms, some of them evidently from bud 
inoculations and others at other points. 

Many seedlings have been grown but all of them aparently healthy. 
Therefore, it appears that the virus is not seed borne. 
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Tbe sotirce of infections in nature has not been determined but 
a leafhopper {Proi<debra iabebime Dosder) lives in these trees and 
may be the vector. 

Witches’ brooms on many species of plants have been demon- 
strated as due to viruses. Some of the most important are potato 
(Hunger & Dana 1924; and Young 1926), strawberry (Zeller 1927), 
tsmato (Young & Morris 1929) and HoUdisevs diseolor (Zeller 1930). 
Similar abnormalities such as rosette on several species of plants have 
also been demonstrated as due to virus disease. 



PIATE XI 




GTrODIilBEB MOSAIC IN PUEETO BICO 

By MelvUiLe T. Cooe;^ Plant Pathologist, 

During the printer of 1935-36 there was a severe outbreak of cu- 
cumber mosaic in Puerto Rico and in some fields all the plants were 
infected. The writer came to Puerto Rico in July 1923 and this is 
the first severe outbreak of the disease during the period beginning 
with that date In fact, mosaic plants have been very rare. The 
symptoms of the 1935-^6 outbreak were the same as those of the 
common mosaic in the eastern part of the United States. Diseased 
plants were rare in 1936-37. There was an abundance of Aphis 
gossypii Glover in the fields in 1935-36 but no experiments were con- 
ducted to determine if they were the vectors. 

The source of this infection is an unsolved problem at this time. 
The seed came from the United States as in previous years, but it 
appears very unlikely that the disease came from that source, as the 
United States records show that it is rarely if ever transmitted by 
seeds of the cucumber but that it is transmitted by the seeds of the 
wild cucumber {Micrampelis lobata). Doolittle and Gilbert (1918) 
reported that one cucumber seed in 5500 produced a mosaic plant. 
The native wild cucurbits in the immediate vicinity of the fidds in 
Puerto Rico did not show any symptoms of the disease but it is 
possible that they may be symptomless carriers. M. Idbaia does not 
occur in Puerto Rico. It is possible that the disease may be due 
to an entirely different virus from the common mosaic of cucumber 
in the United States. Bewley and Corbett (1930) reported a mosaic 
disease of cucumbers which appears to be entirely different from the 
mosaic cucumbers in the United States in that it was transmitted 
by the seeds. 

The disease was so abundant that the writer decided to continue 
his studies on the effects of virus diseases on the histology of the 
host plants. In 1925, 1927, 1930 and again in 1931 the writer pub- 
lished papers showing the effects of viruses on the structure of the 
leaves and stated that some of the viruses caused an inhibition of 
the development of the chloroplasts. Several species of host plants 
were used in these studies. This idea was contradictory to the idea 
of destruction of the chloroplasts by viruses which had been hdd 
up to this time but has been supported by the studies of later workers. 

A brief review of the more important work on this phase of the 
subject since that time is as follows: 
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Holmes (1931) published a paper on local lesions of tobacco mo- 
saic which indicated changes or destruction at points of inoculation 
but he did not make histological studies. 

Dufrenoy (1928) reported that in some cases ehloroplasts did not 
reach the normal size while in other cases there was a disintegration. 

Nelson (1932) said: 

**Tti some caseS) no disintegratioiL of the ehloroplasts is associated mth the 
chlorosis but iu others destruetiou of the ehloroplasts is one of the contributing 
causes of the development and extension of the chlorotic areas. 

'^In the chlorotic areas^ the ehloroplasts may be fewer in number and 
smaller than those in the green portions, but, in some cases, there is no defi- 
ciency in number and the ehloroplasts are normal in size. The affected cells 
are pale yellow iu color and structural changes in the plastids are frequently 
to be observed. The stroma becomes fattened and larger in diameter and, as 
a result of dissolution processes, the ehloroplasts eventually collapse into a 
coherent mass of viscous, pale yellow or colorless material with a more highly 
diffractive surface membrane at the surface. 

Clinch (1932) said that her ‘'observations on mosaic-infected 
leaves also show that inhibited developed is a feature of chlorosis in 
certain diseases, but the pathological effect, in potato at any rate, 
is considered to be more complex than Cook has suggested”. 

In the summary she said: 

<<The ehloroplasts in the cells of the chlorotic areas also display inhibited 
development, as they are frequently smaller and fewer in number than in eone- 
i^onding healthy cell. They may, however, be almost normal in size, but differ 
in other respects from the plastids of a healthy leaf.” 

Sheffield (1933) published a paper on the aueuba mosaic of tomato 
in which the results agreed with the writer. This may be summarized 
by the following extracts: 

”As aueuba mosaic does not affect the ehloroplasts of leaves which are 
fully developed at the time of infection, it seems unlikely that mature plastids 
are destroyed the virus. The mottling of only young growing leaves sag* 
gests that the virus prevents the formation of plastids, and ha g been 
found to be the case”. 

******* 

'^If the virus reaches the cdl before plastid development has commenced, 
then the development of the plastids is inhibited and usually they are destroyed. 

******* 

**It should be emphasized that no evidence whatever was found of the de- 
struction of mature plastids. Very occasionally the development of proplastids* 
is inhibited during its course, but usually if a primordium is not destr^ed or 
its development inhibited in a very early stage, then it will give rise to a per- 
fectly normal chloroplast.” 
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''The young cell responds in several ways to the virus atta^ Cdl growth 
is inhibited^ sunultaneously the proplastids are des&oyed or their devdopzaent 
prevented.’’ 

»*««*««- 

"Xu plants infected with aucuba mosaic certain of the leaf tissues are devoid 
of plastids and the cells may be undifferentiated. The absence of chloro^yll 
is brought about by the inhibition by the virus of the development of tiie 
plastid primordia. TTsuaUy the primordia are destroyed. If plastid devdop- 
ment is not prevented in a very early stage, perfectly normal plastids are 
formed. Mature plastids are never affected by the virus but occasionally in- 
termediate stages may be.” 

Esau (1933) reported disintegration of the ehloroplasts in the 
leaves of enrly top sugar beets. 

Bawden (1934) published a paper on a foliar necrosis of potato 
in which he said: 

"The plastids rapidly degenerate, their breakdown often being the first 
obvious sign of disease. Cells some distance from d^onstrably necrotic ones 
frequently show plastids in all stages of degeneration.” 

A study of sections of mosaic and normal leaves and of the mosaic 
and normal parts of leaves of the cucumber in Puerto Rico showed 
that in most eases the mosaic leaves and mosaic parts of leaves were 
thinner than the normal leaves and normal parts of leaves. 

The palisade cells were always longer in the normal than in the 
mosaic areas. In some cases the palisade in the mosaic had remained 
undeveloped and were cuboidal in shape (See figs. 1 to 6), 

The ehloroplasts were always more numerous and usually larger 
in the normal than in the mosaic (figs. 1-6). 

All the above facts are in harmony with the previous work of 
the author and with the work of Clinch and Sheffield. It would be 
presuming entirely too much to say that all viruses have this effect 
on all species of host plants uniii the effects of more of them have 
been studied but it opens a field of research. 

Studies were also made of the chlorotic and green areas of the 
fruits (Pigs. 7 & 8). In general it may be said that there is very 
slight if any differences in the size of the palisade cells but number 
of ehloroplasts in the chlorotic cells was much less than in the green 
areas. 

Literature Cites) 

1. Bewley, W. F. and Corbett, W. The control of cucumber and 
tomato mosaic diseases in glasshouses by the use of clean seed. 
Ann. Appl. Biol. 27(2): 260-266, 1930. 
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Explanation op Plates 

1. Cross section of normal part leaf Tiear tip. 

2. Cross section of mosaic part leaf near tip. 

3. Cross section of normal part leaf six inches back. 

4. Cross section of mosaic part leaf six inches back. 

5. Cross section of normal part. 

6. Cross section of mosaic part leaf same section. 

7. Section of epidermis of normal fruit. 

8. Section of epidermis of mosaic fruit. 

Note that the sections of normal leaves 1, 3 and 5 are thicker 
than the sections of the mosaic leaves 2, 4 and 6 and that the chloro- 
plasts in the normal leaves are larger and more numerous than in 
the corresponding leaves of the mosaic plants. 

e-O-o 
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PUGILLUS FUNGORUM VENEZUELENSIS 

Eaeael a. Toro(^) 

Since the publication of Chardon & Toro’s Mycologieal Explora- 
tions of Venezuela (1), in which the number of known species of 
Venezuelan fungi was raised to a little over 1100, there have ap- 
peared a few shoi*t papers dealing with this subject. Sydow (4) 
adds seven new species in a revision and addition to his former Fungi 
Venezuelani; the author (5) adds three, and Kem (2), four, in their 
respective reports of the expedition of Kern and Toro in 1934. 
Linder (3) presents the results of his studies of several members 
of the Imperfect! collected by Chardon & Toro in 1932. 

The present paper represents an attempt to identify some of the 
specimens which were collected in the course of the several trips to 
Venezuela. 

Irene larvifor.uis (P. Henn. ) Stev., Annal. Myc. 25:425. 1927. 

McUola larviformis P. Henn. Hedwigia 43:362. 1904. 

Appendiculella Umnformis (P. Henn.) v. Hohn., Sitz. K. Akad- 
Wien. 128:556. 1919. 

This is one of the few species of the irroup ]\Ieliolinae which show 
extreme pathogenesis in the host tissue. It forms brown necrotic 
lesions, surpassing the boundaries of the fungus colony. Another 
characteristic of this species is its susceptibility to epii^athogens. 
None of the colonies examined were free from ether Helmmthosporium 
or Calomcioria sp. 

On Amlijpha macrosiachifu Jacq. 

La Cumbre, road to Ocmnare, Aragna, Chardon & Toro No. 692. 
July 25, 1932. 

(1) Contribution No. 9, from the Depaitment of Botany and Plant Pathdosy, College 
of Agriculture and Mecbanic Arts, Mayagiiea, P. B. Publisbed with the authonssation of 
the Dean. 
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Irenina dalechampiae Stev., Annal. Myc. 26:449. 1927. 

This species was hitherto only known from Ecuador. It may be 
also present in Colombia as this second collection comes form* the 
Venezuelan llanos. 

On Dalechampia scandem L. 

Hacienda Santa Barbara, El Palmar, Bolivar, H. Soltero, No. 
154:5, Nov. 8, 1932. 

ilELiOLA PiTHECOLOBii Stev. & Tchon., Myc. 18 : 9. 1926. 

Our specimen agrees with the description of the species. Some 
of the setae merge in their length with that of M. Meibomiae Stev. & 
Tehon and a closer study may reveal that both are identical. 

On Pithecolohiv/m sp. 

Vpata, Bolivar, H. Soltero No. 1539. Nov. 5, 1932. 

ilELiOLA Sapindacearum Speg., Rev. Argentina Hist. Nat. 1 :29. 1891. 

This species has been previously reported from Venezuela on other 
hosts. 

On ISapindus saponaria L. 

Hcda. El Recreo, San Fernando de Apure. H. Soltero No. 1567. 
Dec. 1, 1932. 

Schiffnerula paraparensis sp. nov. 

Fnngus epiphyllous, forming loose, irregularly distributed, blackgray, super- 
ficial colonics, often covering the whole surface of the leaf; mycelium brown 
pellucid, septate, nearly straight, 6-7 ji thick; hyphopodia alternate, one per ceU, 
round, entire, about lOfi in diameter; sarciniform conidia, dark, four celled, 
globose; fusiform conidia bron, tranversely sepwtate: fruit bodies few, sub- 
globose, same color as the mycelium, at firt parenchymatous and of elongate cells, 
later without ceUular structure, sometimes breaking irregularly and exposing a 
clear hyaline substance, 60-80 u in diameter; asci ovoboid, 8-spored, few in 
number, in diameter, spores two celled, unequally septate, one cell round, 

the other conical slightly constricted, thick walled, light olivaceous, 20 X 10|x. 
(Plate I. Figs., 5-6-8). 

Plagulae semper epiphyllae, tenues, irregulariter densiusculeque sparsae, su- 
perficialiae, atro-gri'>sea, plus minus effusae et magnam folii partem occupantes; 
mycelium ex hj-pliis plerumque reetiuseulis, remotiuscuUs septatis pellueide 
bmneis constans; hyphopodia alteruantia, continua, leves globosa; conidia sar- 
ciniformes 4-cellularia, fuliginea; conida fusiformes bninneas, septata; peri- 
thecia pauca, subglobosa, mycelio concoloribus, contexto primum parenchymatico 
dein supeme anhystus per aetatem irregulariter disrupta, stratum interius dia- 
phanum hyalinum relinquentia; asci ovoboidis octoni, puaci; sporae uniseptatae, 
loculis plerumque parum inaequalis. 

A folia viva Biirsera fomentosa Tr., y Planch, Prope Parapara, ad 
vias, Chardon et Toro No. 712. (Typus). July 27, 1932. 
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The species is closely related to Scliiffnerula pulchra (Saec) Pet. 
with which it has many points of similarity, such as the shape and 
form of the young perithecia and the possession of two different types 
of conidia. Tt may be said it is a parallel species which has de- 
veloped under different environmental conditions. 

The systematic position of the genus Schiffneriila v. Hohn. has been 
amply discussed by Petrak (Ann. Myc 26:395. 1928). However, 
he based his conclusions not on examination of the type species ; but 
on other material referred to that species. The same is true with 
respect to the genus Questieria Arnaud which he considers a synon 3 un, 
differing from Schiffmrula v. Hohnel in the possesion of Sarcinella- 
like bulbils. 

The author was fortunate to study both, the type of Sehiffnerula,^ 
8. mirdbUis v. Hohn and of Questierm, Q pvlchra (Saec.) Am., and 
to compare these with the specimens examined by Petrak (Elmer No. 
2007 from Borneo and Rabh. Fung. Europ. No 2149). In the ease 
of 8. mirahilis v. Hohn, on Passiflora foetid^ (Schiffner No. 2723, 
Urwald von Depock, Buitenzorg, Java), type of the genus, the gen- 
eral characters are as described by Petrak for the Borneo material. 
However, there Ls also present some conidia resembling a brown 
Fiisarium, which are probably the structures refered to by V. Hohnel 
(Pragm. z. Myk. 330. 1909) when he mentions “sitzenden querge- 
teilten condien’’. These are also figured in the original package. No 
such conidia are mentioned by Petrak, but they are described and 
figured by Arnaud (Les Asterinees /• pag. 188 et. pi. XLI. fig. B. 
1918) for Questieria pulchra (Sacc) Arn. as “spores resemblant a 
celles des Pusarium. . In addition to this type of conidia there 
is in Arnaud ’s (Desm. PL Crypt, de Prance No. 404) and our, material 
(but not in v. Hohners) a second form. This is of the Sarcinella- 
type, four celled, dark brown bulbils sorrounded by a hyaline, gelat- 
inous-like substance. Thus, this SarcineUa-form represents the only 
difference between Questieria Arn. and Schiffermila v. Hohnel. But 
such fonn is not always constant, as Questieria momilieca (Pat. & 
Gaill) Arn., the first species described under the genus, do not possess 
said conidia. 

In view of tliese facts we are inclined to agree with Petrak and 
consider Questieria a synonym of Schiffermila. The presence of the 
bulbis of the Sarcinella-t 5 T)e in S. pulchra, in our material, and in 
several other akin forms, can be best explained, using Arnaud 's (1. e. 
pg. 189) own words, as ‘Hin moyen de resister aux conditions defa- 
vorables d'un climat different de eelui on Ton recontre habituelle- 
ment’L 
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Antimanoa Qrisleab Syd., Annal. MJyc. 28 : 170. 1930. 

Myocopron Ghiiscafrei Toro Mono^. Univ. Porto Rico. 2 : 94. 
1934. 

An examination of the type of Aniimowa at the Farlow Her- 
barixtin. Harvard University, show that our previous determination 
belongs to this genus and that the host is also the same. Therefore, 
both are corrected here. 

On Grislea secunda Loefl. Chardon and Guiseafr6 No. 560, 
Knoop’s Park, Los Teques. 

Asteeina echtonospoea V. Hohn. Sitz. del K. Akad. Wise, in Wien. 

119:440. 1910. 

Our specimen agrees in general characters with the type from 
Ceylon (Thwaites No. 497) on Canejera Bheedii. The ediinulation of 
the unequally septate spores is typical. This is the first report of 
the species in America. (Plate I, Pigs. 4-7.) 

On Xmenia americana L, 

Road Beyond Petare, Chardon and Toro No. 461, July 8, 1932. 

Eemiomyces gen. nov. 

Hyeelinm snperfieiale xtuILma; stromata sparsa, omnino superficialia, dimi- 
diato-sentataM memljraiia baaali distincta nalla, strato tegente eonvexulo reticu- 
lato-plectencliTmailco plus minas intense olivaceo-branneo, plica tenmii lineari- 
formi simpliei rima longidutinali aperta praedita; asci nnmerosi, elavati, octoni; 
stratis plus minus craasis contextis separati;. sporae elongate fosoideae, septa 
tranaversalia divisae. hyalinae. 

Esf Myriangella Zimm. thyriotheeia linearia longitudinalis dehis- 
oentibus. 

A myeologo prteclaro P. D. Kem, in Collegi Pennsylvaniensis Pro- 
fessori. de estudio Flora Tropicalis impirmis merito. 

This interesting fungus gives, at first sight, the impression of a 
Lemiosia devoid of superficial mycelium. The character of the fruit 
body and the absence of mycelium places the fungus in the Hemis- 
phaeriacea. Shear and Clements (Gen. Pung. pg. 99. 1931) include in 
this Family Eadofia Maire which possess long fusoid, multiseptate 
spores and longitudinally dehiscing fi'uit bodies. An examination 
of Maire ^s drawings and diseussi on (Bull. Soc. Sc. Nancy 111:16: 
177, Pig. 2, 1906) shows clearly that his, is an Hysteriaeeous form, 
related to the type of Lopliodermium occuring on grasses. Moreover, 
his illustration shows that the fungus is subcuticular and not superfi- 
cial, as mentioned in the text. Another genus with spindle shaped 
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spores but bub-cuticular peritbecia is MoeszieHa Pet. In this genus, 
the fruit bodies are borne in a collective strcftna and dehiscence is not 
always longitudinal. Also Phyehopdlis Syd. is a M^crothyrmm 
Desm, opening by long slits. Stigmatophragmia Tehon & Stout has 
also a subcuticular aseoma; Sehizothyrvum Desm has two ceiled spores 
while Phragmothyriella v. Hodm., as pointed out by the author 
(Mycol. 19 : 71. 1927) is a sjuionym of MyriangeUa Zinun, and possess 
a round thyriotheeium. 

Tj-pe species the following: 

Eemiomyces costi sp. nov. 

Oolonies ampbigenous, -widely separate, 2.5-5 mm. in diameter grayi^ blaek, 
not slimy, smooth; evident superdeial mycdinm absent; thyriothecia lineal, 
longitudinally dehiscent, lembosioid, rarely y-shaped by conflnency, margin entire, 
composed of olivaceous brown, septate cells which form a dose network, ap- 
perture 40-30 u wide; eiscposing the contents which are hyaline when fresh, 
brownish when dry, 123-138 X 176-274{i; asci nuinerous, dlipsoid, tunicate 
above, short pedicellate, 8-spored, somewhat bent, separated by a thick-gelatinous, 
paraphysoid tissue which is hyaline-olivaceous at drst brownish -with age, 58-68 X 
18-26; spores filiform, distributed in two rows oi somewhat inordinate, thin 
walled, 3-4 septate, not constricted, hyaline, 29-37 X 4r-6[i. (Pxate I, Pigs. 
l-a-30 

Plagulae amphigenae irregulariter laxeque disperseae, atrogriseae, tenues; 
myc^um supeificiale nullum; thryotheda densiniuscole distribute, semper exacte 
lembosioidea, linearia, recta vel curvata, hand raro in forman sign! Y confluentia, 
rima angusta longitudinali aperta; asci ellipsoidei, antice late rotundati, postice 
brevissima stipitati, octoni, sporae distichae vel fasciculatae, clavulatae, hyaline, 
ad septa non constiictae. 

Ad folia viva CosUts macrosiachys H. B. K., Toro No. 93, prope 
Ooumare de la Costa ad vias, Dec. 1930. 
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Explanation op Plate 
Kemumyees Cosii gen. et. sp. nov. 

Fig. 1. Photoznieograph of the thyriotheciiiiu. 

Fig. 2. The gelatinuos matrix in fruit body. Note the aseus with multi- 
septate spores imbedded Jn it. 

Pig. 3. Photograph of a piece of the leaf of Costiis maorostachys showing 
a number of the fruiting bodies. 

Astenna ecliinospora v. Hohn. 

Fig. 4. Leaf of Ximerma americana showing distribution of fungus. 

Fig. 7. Fruit body of AstcriJba echtnospora, 

Shiffnerula panaparencis sp. nov. 

Fig. 5. High power micophotograph of mycelium and bulbills. Note the 
Fusarium-like brown spore. 

Pig. 6. Leaf of Bnrsera tomentosa showing the moldy appearance of fungus. 

Fig. 8, Low power micophotograph of mycelium, hyphopodia, bulbilis and 
eonidia. 
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THE NXTTBITIVE VALUES OF SOME FOBAGE CROPS 
OP PUERTO EIOO*'*-» 

n. Legumes, Grasses and a Mirture 

By Joseph H. Axtmaybb, G-. Rivera HernJLndez and D. H. Oooz, of the 
Department of Chemistry, School of Tropical Medicine, 

San Jnan, Puerto Rico. 

The studies reported in this paper and that published previously 
(1) are reports of investigations which aim to gather information 
concerning the nutritive values of forage crops used in Puerto Rico, 
or which could be used, after a complete study of their nutritive 
values. This would be especially valuable in the case of new crops 
used in soil conservation, and we believe that studies of this type 
will help materially in encouraging the planting of good forage crops, 
thus reducing the cost of production of milk and other animal by- 
products. Puerto Rico imports large quantities of concentrates for 
use in the dairy industry. 

It seems to be unnecessary to review the literature relating to 
the methods used in conducting such a study, since this has been 
done repeatedly in the States. The papers consulted haVe already 
been reported in the previous article (1) and are given (2) at the 
end of this paper. 

MaTEBULS and BxPEBIMENTAIi DETAUiS 

The animals used in our digestion trials were native sheep, of 
ages ranging from six to eight months when purchased. 

The grasses and legumes studied, viz., Yaragufi, and Merker grasses, 
soy bean in bloom and full pod, velvet bean in bloom and fall pod, 
and pigeon pea before the blooming stage, were grown at the Station 
at Rio Piedras. The material was cut early every morning and 
brought to us. It was then cut up into pieces ranging from two to 
four inches in length before weighing and feeding. 

lljetabolism cages 3% feet long, 2 feet wide and 3 feet high, were 
used for the sheep. Each cage was provided with a screen top for 
ventilation and a double bottom for the collection of the feces and 
urine separately. The box containing the feed and water can was 

lOooper&tive project between the Agrienltural E:]q»eriment Station of the University of 
Puerto Rico and the School of Tropical Medicine. 

3 Field work was conducted at the Experiment Station at Rfo Piedras. 

* Study made possible from grant-in-aid of the Bankhead-Jones Act of the U. S. Oon- 
gress, 1936. 
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placed in the cage in such a manner as to reduce scattering to a 
minimum. 

The animals were kept in a cemented floor stable during a ten- 
day preliminary period on the ration which was to be tested. They 
were then transferred to the cages and the experimental period 
proper, of another ten days duration, was begun. 

The following data were collected during each of these ten-day 
experimental periods: (1) initial and final weights of the experi- 
mental animals; (2) daily weights of the feed offered; (3) daily 
weights of the feed refused; (4) daily weights of the feces elim- 
inated; (5} daily volumes of water offered and refused; and (6) 
daily volumes of urine eliminated. These data were collected at 
the same hour every day, and aliquots of the feed offered and refused 
and of the feces and urine eliminated were taken to the laboratory 
for analysis. 

All analyses reported in this study were performed in accord- 
ance with the Methods of the Association of OfiBeial Agricultural 
Chemists. 

The solid samples were dried in an air oven at 100°0. The 
composite aliquot samples of the feces and the urine were kept in 
a refrigerator, xylol being added to the urine as a preservative. 
The samples of dried feed and refuse were kept in closed paper 
bags and ground in a Willy mill at the end of each experimental 
period. The feces were treated in the same manner. The ground 
material in each case was thoroughly mixed and sufBciently large 
portions were put into bottles provided with screw stoppers to be 
preserved for analysis. The indicator used in the titration of the 
acid solution in which the ammonia was collected, upon the distilla- 
tion of the diluted solution obtained during the Kjeldahl digestion, 
was a solution made up of ten parts of a saturated methyl red solu- 
tion in 50 per cent of alcohol and one part of a 0.25 per cent solu- 
tion of methylene Hue in water. This indicator gives a Very sharp 
end-point. 

The results obtained in last year’s experiment for the determina- 
tion of the endogenous and metabolic nitrogen when sheep were fed 
a nearly nitrogen free ration were used in this study. 

Data and Discussion 

A total of fourteen digestion trials, together with all the chemical 
analyses requii-ed, was performed during the year. Table A, which 
records the schedule followed in these trials, contains also informa- 
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tion regarding the stage of maturity of the material, the fertilizer 
applied and the number of animals used in each trial. We used a 
mixture composed of P4. parts by weight of ilerker grass and 1 
part of pigeon pea in Trial 14 as preliminary to the type of trials 
which are being planned for next year. The number of animals used 
in each trial was larger than that used last year. This was done 
for the purpose of eliminating individual differences as much as 
possible. 

Table T contains a summary of the weights of the wet and dry 
feed and feces consumed and eliminated, respectively, and of the 
volumes of water consumed and urine eliminated in each of the 
fourteen trials. Since the animals would feed ad libitum, the 
amounts of feed and water offered was always greater than could 
be consumed. 

The percentages of nitrogen in the feed, refuse and feces were 
calculated on the dry basis, while in the case of the urine, the analyses 
are given on the percentage by volume basis. 'These data are given 
in Table II. The highest content of nitrogen in the legumes studied 
was found in the pigeon pea, Trials 10 and 11. It will be noticed 
that the nitrogen in the refuse was found to be either higher. Trial 
10, or equal, Trial 11, to the nitrogen of the feed. This is explained 
by the facts that the sheep consumed the leaves and stems in the 
same proportion as these were present on the fresh feed. Such was 
not the case with the other legumes. In the case of the grasses, the 
nitrogen in both the feed and refuse was higher for the Merker 
grass than for the YaraguS. grass. 

Table III presents the values for the endogenous or urinary 
nitrogen, and the metabolic or fecal endogenous nitrogen excreted by- 
sheep fed a low nitrogen but otherwise complete ration. These cal- 
culations have been taken from previous studies in this laboratory 
and are applied in the calculations of the biological values of the 
proteins of the various legumes and grasses studied. 

A summary of the data collected during the trials upon which 
the determinations of the biological values of the proteins are based 
is given in Table IV. The protein efficiency or biological value of 
a feed is taken as the total nitrogen retained by the experimental 
animal in percentage of the total nitrogen absorbed. It is also 
denoted as the percentage of the total intake absorbed. Differences 
in the digestibilities of different proteins do not affect their biological 
values although these may vary with the use the body makes of 
the protein. Sufficient non-nitrogenous food must be taken into the 
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body when the biological Value of a protein is determined so that 
none of the protein will* be utilized as a source of enei^. There 
must be an intake of protein large enough to indicate a positive 
balance, but not too high to be in excess of the quantity needed for 
maximum growth because this excess intake will be effective in lower- 
ing its true biological value. 

The mathemathieal formula used in calculating the value is given 
as follows: 


r Biolngual value = T 

100 iL TFood N-Food N m feces-Body N in fecesl-CDnne W-Body N in nimelj 


Food N-(N m feces - Body N in feces) 

-Food N retained 
or lOOX Absorbed N 


The terms “Body X in feL'es**' and “Body X in urine’’ refer to the 
metabolic nitrogen in^the feces and the endogenous nitrogen in the 
urine, resjiet-tively, as determined in a digestion trial Trith the ani- 
mals receiving a nitrogen-free or nitrogen-low ration. The former 
term is obtained by multiplying the weight of the total dry feed 
intake by the metabolic nitrogen in the feces per gram of dry nitro- 
gen-free matter ingested uliile the latter term is calculated by mul- 
tiplying average body weight of the animal in kilograms by the 
endogenous nitrogen per kilogram of body weight. 

It will lie noti<-ed that the results show low biological values for 
the leiTinnes stu<lied, although they seem to be in accordance with 
the data on iMijumes obtained in the United States. Since legumes 
are rich wiuhm^s of i>r(»teins, a high intake is to be assumed in an 
ad libitum tVedinsr trial, and this will tend to give a low biological 
value. 

The value for the Merker gi-ass is the lowest obtained for any 
of the grasses studied so far. "We are planning to repeat these trials, 
since this grass is Ifelieved to be of good forage value. 

Tables Y and YI contain the data relating to the proximate 
chemical compositions of the forage crops studied. The methods of 
the Ass<»ciation of OfSeial Agricultural Chemists were used in these 
analyses. Aithcrngh the material ^\as analyzed for total moisture as 
SfWiii as received, it is possible that some moisture was lost during 
]»aekmg and transportation. 

The proximate analyses on the dry basis of the feed fed and 
refused and of the feces eliminated are given in Tables VII and 
MTT, respectively. 
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The individual coefficients of apparent digestibilities of the 
nutrients in the legumes and grasses, as determined with each ani- 
mal in a trial together with the average value for each trial, are given 
in Table IX. There are also included the average biological values 
for each trial which has already been given in Table IV. The per- 
centage of each nutrient in a feeding stuff which is digested is 
termed the coefficient of digestigility, or digestion coefficient, for that 
nutrient in the feed. The values are computed with the following 
equation : 

Coefficient of apparent digestibility = 

jQQ ^ Substance in the feed fed - Substance in the feces eliminabd 
Substance m the feed fed. 

The digestibilities of nutrients in a concentrate cannot be deter- 
mined by conducting digestion trials in which the concentrate con- 
stitutes the whole ration, because of insufficient ^bulk. Coefficients of 
digestion of the ash are not given, because at present no method is 
available by means of which correct values for the digestibility of 
mineral elements may be obtained. It has been shown that part of 
the absorbed minerals are excreted through the gut and cannot be 
separated from that part of the feed which is not absorbed. Diges- 
tion coefficients are used in calculating the amount of digestible 
nutrients in a feed, thereby measuring its nutritive value. 

The values for the digestible nutrients per hundred weight as 
determined with the data given above for the legumes and grasses 
studied are given in Table X. There are also included in this table 
values for the nutritive ratios. This term applies to the proportion, 
or ratio, between the digestible crude protein and the combined diges- 
tible carbohydrates and fat. In computing the ratio, the total diges- 
tible fat is multiplied by 2.25 because fat produces this times as much 
heat in being oxidized in the body as do the carbohydrates. 

The formula used in computing the second term of the ratio is : 

(Digestible fat x 2 2S) + (Digestible carbohydrates) 

Digestible crude protein 

The second term of the numerator includes the digestible crude 
fiber. The term nutritive ratio is used to denote the proportion of 
digestible protein in comparison with the other nutrients. 

Nutritive ratios may be narrow, that is, when the feed has much 
digestible crude protein in proportion to the digestible carbohydrates 
and fat; and wide, when the reverse is true. The digestibility of 
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all nutrients in a feed tend to be lowered as the nutritive ratio 
widens. Thib is especially true for proteins, being less specific for 
the other nutrients. 

Table XI contains data relative to the yield per cuerda* of 
digestible nutrients of the green legumes studied. 

By the use of the average percentages of total protein in feeds, 
the average coefficients of digestion, and the average biological values 
it is possible to compute the ^^net protein*^ values of feeds as idiown 
by ilitehell and Tillegas (8). The value is obtained by multiply- 
ing the value for the eoefiSeient of digestibility, which gives us the 
content of digestible protein in the feed, by the biologival value 
and dividing by 100. This value may be of use in evaluating a 
feed or diet with respect to its ability to satisfy a given protein 
requirement or in the preparation of a ration which would meet the 
protein requirement of an animal most satisfactorily under specified 
conditions. The data for the “net protein’^ values for the legumes 
stndi<'<l are given in Table XII. 

Table XI 11 has been prepared to show the total yield in eal- 
eium ami phosphorus per cuerda and per ton of the legumes studied. 

The fattening capacity of the legumes and llerker grass are given 
in Table XIV while Table XY contains a summary of the nutritive 
index(‘s deteriiiined in these studies. 

Summary 

The biological vahie.s of the proteins of the legumes studied range 
fr<»ni •\2 to 6*3. These are lower than the value for the Yaragua 
grass (u- for the grasses studied previously. The low values obtained 
for the legumes ai'c explained on the basis of a higher intake of 
prtdein when the legumes are fed alone, since it has been repeatedly 
sho\ni that luologh-al valurs decrease with an increase in the pro- 
tein level intake. Soy bean in the full pod stage yields the high- 
est bioloiiical value of the legumes studied. 

J^igeon peas, liefore bln(;ming, show on the drj' basis, the high- 
est percentage of crude protein and the lowest for ash of the legumes, 
while the ether-soluble extract percentage is second highest to soy 
hean ill tlie Tull pod stage. 

The sheep fed the Yaragua grass left the greatest amount of 
refuse. This grass has a characteristic odor and taste which seems 
to make it unpalatable. 


*A everda is s unit o£ land messiore csed ixt Pwrto Rzco equivalent to 0.954 of 
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The coefiftcients of digestibility for the different nutrients are 
lower for Yaragua grass than for the le^mes studied. 

Hoy beaus in the full pod stage of maturity yield the highest 
value for the total digestible nutrients followed closely by the pigeon 
pea in the before-flowering stage. 

The nutritive ratios obtained are narrow with the exception of 
the Yaragua grass which have a very wide ratio. 

The yield of total ether-soluble extract in pounds per cuerda is 
highest in the case of the soy bean in the full pod stage of maturity. 
The velvet bean in the same stage yielded the highest weight of 
total crude protein and of total digestible matter. 

The ‘"net protein’’ values as obtained with the legumes is high- 
est in the ease of the soy bean in the full pod stage, being followed 
by the velvet heap in the same stage of maturity. 

Pigeon peas in the before-flowering stage of maturity show the 
highest fattening value of all the legumes studjed. The Mlerker grass 
value is far below that of any of the values for the legumes. 
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THE NUTBITIVE VAI»T7ES OF SOME FOBAOE CBOF8 
OF FTTEBTO EIOO» 

I. Grasses. 

CorremHons: 

On. page 106; the third line of the heading of Table 2 should read: ''and 
Body Nitrogen in Urine per 1000 Grams of Body Weight, Based”. 

On page 107, under the column headed by "Body Nitrogen in Urine Per 
Kilogram of Body Weight” should read 0.535 instead of 0.801 and 0.372 instead 
of 0.335. Under the column headed by "Average Body Nitrogen in Urine Per 
Kilogram of Body Weight” should read 0.561 instead of 0.526. 


Tabls a 


aOHEDULE’-FOLLOWED STARTING SEPTEMBER 22, 1937 TO MARCH 29, 1938 


Trial 

No. 

Ration 

3 

Soy Bean (in flower) N-P-K 
Otootan variety 

4 

6 

6 

Soy Bean (in flower) N-P-K 
Otootan variety 

Soy Bean (in full-poda) N- 
P-K 

Otootan variety 

Soy Bean (in full-pods) N- 
P-K 

Otootan variety 

7 

Velvet Bean (In flower) N- 
P-K 

Velvet Beau (in flower) N- 
P-K 

S 

0 

Velvet Bean (in full-pods) 
N-P-K ...... 

10 

PiROon Pea (boforo blooming) 
N-P-K ; 

Pij^on (before blooming) 

11 

1 

3 

YarcMi^ua, N and P . . 

Yaragua, N uud P 

Morkor Qra.ss (N only) 

Merker Grass (N only) .... 

Marker Grass (N only) 
Pigeon Pea (before 
blooming) 1 

12 

13 

14 




Preliminary 

Period 

Experimental 

Period 

Anifflai 

Starts 

Ends 

Starts 

Ends 

Numb^ 

Oct. 12.. 

Oct. 22. . 

Oct. 2?.. 

Nov. 1.. 

16-17-18-20-21 

Oct. 22. , 

Nov. 1 . 

Nov. 1.. 

Nov. 11. 

40-41-42-43-44 

Nov. 1.. 

Nov. 11. 

Nov. 11. 

Nov. 21. 

16-17-18-20-21 

Nov. 11. 

Nov. 21. 

Nov. 21. 

Dec. 1 . 

40-41-42-43-44 

Nov. 21. 

Dec. 1... 

Dec.l... 

Dee. 11.. 

10-18-20-21 

Dec. 1.. 

Dec. 11. 

Dec. 11. 

Dec. 21. 

40-11-42-44 

Jan. 2... 

Jan. 12 . 

Jon. 12 . 

Jan. 22 . 

10-17-18-19-20-21 

Jan. 22 . 

Feb. 1 . 

Fcb.l .. 

Feb. 11. 

ltl-17-18-19-20-21* 
1- 2- 3- 4-40-44 

Feb. 1,, 

Feb. II. 

Feb, 11. 

Feb. 21. 

10-17-18-19-20-21 

Sept. 22. 

Oct. 2. . 

Oct. 2... 

Oct. 12. . 

16-17-18-20-21** 

Oct. 2... 

Oot. 12 

Oct. 12 

Oct. 22. . 

40-41-42-43-44 

Pel). 11. 

Fob 21 

Pcb. 21 

Mar. 3. . 

1-3-1-40-41 

Feb. 21. 

Mar. 3.. 

Mar. 4.. 

Mar. 14. 

16-17-18-19-20-21 

Mar. 9.. 

Mar. 18. 

Mar. 19. 

Mar. 29. 

1-8-4WS-6-41 


*A11 animals in preliminary i>eriod. 

'**This trial is not included in the calculations. 















Tablb I 

SUMMARY OF THE WET AND DRY FEED AND FECES CONSUMED AND ELIMINATED RESPECTIVELY, AND OP THE WATER INTAEE 
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5170 

3470 

5130 

2060 

10545 

6060 

6170 

4475 

6270 

3205 

7530 

6065 

15465 

iUUOO 

8630 

8940 

8270 

6830 

11480 

11210 

18260 

18320 

14280 

14470 

11040 

14415 

14876 

• 

8180 

6230 

10420 

8645 

8155 

17116 

315 

840 

1750 

2880 

5230 

6720 

4175 

4465 

4385 

4605 

4620 

700 

8125 

3050 

3400 

2485 

330 

110 

1510 

125 

1400 

3905 

535 

435 

265 

2450 

485 

05 

440 

455 

1250 

515 

^ 2180 

iiili Iliiii 11 

2426 

3093 

2463 

2133 

2402 

2502 

2676 

3829 

3585 

3266 

3208 

2817 

3309 

3188 

2898 

3393 

3251 

3415 

2888 

4503 

iiiii iiiiii ii 

5024 

9067 

5067 

4726 

8031 

5433 

6075 

9107 

6767 

7283 

6626 

6168 

9224 

5170 

6737 

9192 

7122 

10114 

6750 

10726 

Iiili iiiiii il 

4073 

6716 

5071 

5148 

6198 

6071 

6083 

0234 

7903 

7679 

7165 

5161 

6674 

6397 

5885 

6673 

6483 

6828 

5908 

9689 

Iiiii iSiiii Ii 

4534 

4602 

4552 

6005 

5609 

5826 

6557 

5637 

5481 

5333 

6219 

7479 

6710 

6429 

4611 

• 

4512 

4702 

4472 

4933 

4306 

11060 

11050 

11050 

11050 

12156 

14038 

14038 

14038 

14038 

14038 

14038 

10088 

0507 

0507 

10318 

9623 

11153 

11897 

11897 

12640 

14871 

13384 

mi2 

13384 

12640 

13384 

12826 

10496 

11185 

11185 

11300 

10841 

13095 

20008 

10830 

21937 

19370 

29560 

27832 

28917 

25087 

23280 

22372 

25519 

26860 

IQftA? 

21685 

26945 

22457 

24543 

27010 

28276 

30164 

43595 

37884 

38060 

36107 

29371 

36447 

33846 

23757 

27919 

27486 

28478 

25670 

40726 
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466 THE JOUBNAL OP AGBIOULTURE OP THE tJNIVBRSITT OP P. B. 

Table n 


PER CENT NITROGEN IN PEED FED, REFUSE LEFT, FECES AND URINE 
(Feed, refuse and feces analyses, pee gent on dbt basis) 

(Urine analyses, pee cent by volume) 


Trial 



Nitrogen 
in refuse 

Animal 

Nitrogen 

Nitrogen 

No. 

Ration 


left 

No. 

in feces 

in urine 




% 


% 

% 





16 

■n 

WKBM 





17 



3 

Soy bean (in flower) Otootan. 

2.42 

1.64 

18 




variety 



20 







21 







40 







41 

1.67 

0.54 

4 

Soy bean (in flower) Otootan. 
variety 

2.66 

1.62 

42 

1.86 

0.67 


43 

1.70 





44 

1.71 

0.53 





16 

1.83 

0.42 





17 

1.07 

0.82 

S 

Soy bean (in full pods) . 
Otootan variety 

2.60 

1.56 

18 

20 

a 13 
1.98 

0.83 

1.07 




21 

240 

0.92 





40 

3.91 

0.79 





41 

211 

0.95 

6.... 

Soy bean (in full pods>& 

2l5S 

1.61 

42 

216 

1.05 


Otootan variety 



43 

1.84 

1.00 




44 

1.08 

1.20 





16 

223 

0.45 

7 

Velvet bean (in flower)... . 

2.4 S 

1.67 

18 

246 

0.52 




20 

240 

0.65 





21 

2 64 

0.52 





40 

269 

0.74 

8 

Velvet bean tin flower)... . 

2.63 

1.67 

41 

290 

aes 




42 

2 61 

0.65 





44 

263 

0.78 





16 

17 

18 

ase 

0.41 

0.45 

0.46 

8 

. Velvet bean (full pods) NPK. 

2l61 

2.05 

a 68 
a 36 





19 

3.06 

0.41 





20 

a 57 

0.41 





21 

a 69 

0.53 





1 

287 

1.42 





3 

269 

212 


Pigera ]gas (before blooming). 



4 

283 

1.58 

10 

3.42 

a 57 

40 

41 

16 

17 

18 

19 

20 

255 

256 

2 61 

274 

283 

272 

244 

1.36 

1.17 

1.07 

1.67 

1.86 

i.24 

1.02 


11 

Pi^etm jgas (before blooming). 

3.05 

a 05 





21 

281 

1.36 

2 

Yaragoa— N and P 

0.80 

0.44 

40 

41 

42 

1.22 

1.34 

1.37 

0.19 

0.12 

0.24 







48 

1.21 

0.20 





44 

1.31 

0.19 





1 

1.92 

0.56 

12, 

Merlcer grass (N only). . . 

1.80 

1.83 

3 

A 

216 

1 i2JS 

0.66 

A 



40 

1,90 

1.80 

V»4d 

0.49 





41 

1.67 

0.46 





16 

1.38 

0.34 

18 

Merker grass (N only) 

1.56 

1.06 

17 

18 

19 

1.47 

0.39 



49 

L 40 

0.40 

a 42 





20 

1.38 

a 35 





21 

1.41 

0.45 





1 

250 

0.56 

14 ; 

1 

Marker grass (N only) 1M...,1 
JJgeon (before * 

hlwmSng ) 1 | 

1.97 

1.16 1 

3 

4 

5 

6 

240 

251 

242 

257 

0.71 

0.48 

0.71 

0.58 
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Table III 

MAINTENANCE REQUIREMENT OP LAMBS AVERAGING 16.96 KILOGRAMS IN 
WEIGHT, BODY NITROGEN IN FECES PER QR/M OP DRY MATTER INGES- 
TED, AND BODY NITROGEN IN URINE PER KILOGRAM OP BODY WEIGHT, 

' BASED ON TEN-DAY TRIALS DURING WHICH NEARLY NITROGEN-FREE 
RATIONS WERE FED 


Remarks 

Lamb 

No. 

Body 

Nitrogen in 
Feces 

Per Oram of 
Dry Matter 
Ingested 

Average Body 
Nitrogen in 
Feces 

Per Gram of 
Dry Matter 
Ingested 

Body 

Nitrogen in 
Urine 

Per Kilogram 
of Body 
Weight 

Average Body 
Nitrogen In 
Urine 

Per Kilogram 
of Body 
Weight 

Value obtained in the year 
1936 to 1937 

lA 

2A 

3A 

IB 

2B 

3B 

0.0041 

0.0051 

0.0036 

0.0038 

0.0046 

0.0046 


0.535 

0.372 

0.441 

0.830 

0.626 

0.565 










0.0043* 

a5ai 














SUMMARY OP metabolism EXPERIMENTS UPON WIIIOH THE DETERMINATION OP BIOLOGICAL VALUES OF PROTEINS IN THE LEGUMES 

and grasses is based — 
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35.26 
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143.08 
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168. 15 
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136.28 
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80.61 

106. 10 
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*iiz{)-oiniri HI 
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108.89 

82.12 
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79.91 
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Table V 

ANALYSES OP GRASSES AND LEGUMES 
FED 
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Table VI 

ANALYSES OF GRASSES AND LEGUMES 
FED 


DRY BASIS 




.3^ 

.2 

Vb 




XA 




I'f 


1 




Item 

s 

PiCO 





g 

2 


1 

15 



1 

•A. 

■s 

1 

1 


Eh 

O 


o 

O 

< 

o 

PM 

Soy bean (in flower) 
Otootan var. N-P-K. . . 

1A40 

16.13 

3.63 

32.70 

36.88 

11.66 

1.42 

0.260 

Soy bean (in flower) 







Otootan var. N-P-E. . . 

16.06 

16.63 

2.84 

31.06 

37.70 

11.78 

1.47 

0.251 

Soy bean (full pods) 
Otootan var. N-P-K. . . 

23.32 

16.26 

6.65 

81.00 

36.57 


1.23 

0.260 

Soy bean (full pods) 
Otootan var. N-P-K. . . 

26.03 

16.12 

6.22 

29.66 

36.11 


L22 

0.246 

Velvet bean (in flower) 









N-P-K 

19.14 

j 

16.61 

A27 

34.38 

40.29 

5.66 

1.21 

0.134 

Velvet bean (in flower) 

N-P-K 

10.23 

15.80 

4.10 

34.66 

30.63 

0.01 

1.21 

0.101 

Velvet bean (full pods) 


N-P-K 

20.93 

1A36 

2.31 


46.81 

0.64 


0.181 


^ftoonj]^ ^P-K 

Pigeon peas (before 

24.36 

21.38 

6.00 

30.76 

•3A11 

6.76 

aso 

0.242 

blooxmng) N-P-K 

25.70 

19.06 

6.63 

30.65 

39.07 

5.79 


0.204 

Yaragua (N and P) 

24. S2 

4.63 

2.64 

38.80 

40.01 

7.32 

0.314 

0.176 

Yoragua (N and P) 

26.66 

6.00 

3.03 

30.60 

44.74 

7.77 

0.326 

a203 

Merker grass (N only)... 

20.40 

11.25 

3.62 

31.80 

41.82 

11.61 


0.166 

Merker grass (N only)... 
Merker grass (N only) 

20.40 

9.76 

3.47 

32.40 

42.98 

11.43 

0.204 

0.167 

Iji plus pigeon peas 
(before blooming) 1 

25.20 

1A30 

3.91 

33.45 

42.49 

7.86 

0.70 

a 177 




















FROX1MA.TB AKAI^YSES. RBP 


Trial 

ITo. 


Item 


3.. .. 

■ 

6 .. .. 
6 .... 

7.. .. 

8 .. .. 

9 

10 ..., 


Scv bean (in flower) 

Otootan variety N— P— K. 

Soy bean (in flower) 

Otootan variety N— P— SZ. 

Boy bean (full pods) 

Otootan variety N— P— K 

Soy bean (full pods) 

Otootan variety N— P— K 

Vdvet bean (in flower) N—P— S: 

Velvet bean (in flower) N— P-K 

Velvet bean (fall pods) N-P-K 

PU;ean peas (before 
blooming) N-P-K I 


11 


Pigeon peas 
bloomnig) 


(before 

N-P-K 


1 

• 2 , 
12 . 

13. 

14. 


Varf^cna (KF and F) 
ITaragna (I^ and P) 


Dderk^r grass (K* only) 

Sderkw grass (1C only) 

Sderker grass (^ only) IH plus 
pigeon pea (b^ore blooming) 1 


i 

I 





tabub vn 

OIlTEIl ON DRY BASIS, OF THE FED AND REFUSED PORTIONS OF THE RATIONS USED IN THE DIFFERENT 
METABOLISM EXPERIMENTS 


Total^solids 

Crade protein 
(N 6.25) 

EtheivsoluMe 

extract 

i 

Crude fiber 

% 

Carbohydrate 

Ash 

t 

Calcium 

i 

Fhos^homs 

Feed 

fed 

Refuse 

lofi 

Feed 

fell 

Refuse 

left 

Feed 

fed 

Refuse 

left 

Feed 

fed 

Refuse 

loft 

Feed 

fed 

Refdse 

lefy 

Feed 
fed , 

Refuse 

left 

Feed 

fed 

Refuse 

left 

Feed 

fed 

Refu.se 

left 

Ifl -Ml 

31.00 

15 13 

10.25 

3.63 

1.02 

32.70 

43.50 

m.88 

31.73 

11.06 

12.60 

1.42 

1.21 

0.259 

0.194 

le.O.'i 

22.36 

16.63 

10.13 

2.84 

1.31 

31.05 

43.60 

37.70 

32.76 

11.78 

12.30 

1.47 

1.19 

0.251 

0.192 

23.32 

25.14 

10.26 

0.60 

5.66 

2.66 

31.00 

41.66 

30.57 

34.76 

10.53 

11.35 

1.23 

1.24 

0.280 

0.173 

26.03 

27.30 

16.12 

10.06 

6.22 

1.21 

29.65 

41.50 

36.11 

35.22 

11.90 

12.01 

1.22 

1.21 

0.245 

0.172 

19.14 

20.84 

15 61 

10.43 

4.27 

2.12 

34.38 

44 40 

40.!S» 

37.83 

5.55 

5.22 

1.21 

1.04 

0.134 

0.117 

19.23 

21 48 

15.80 

10.43 

4.10 

1.23 

34.66 

46.50 

39.53 

37.10 

6.01 

6.74 

1.21 

1.06 

0.191 

0.161 

20.93 

23.17 

16.36 

12.81 

2.31 

2.13 

27.05 

40.40 

46.84 

35.39 

6.54 

9.27 

1.02 

1.56 

0.181 

0.148 

24.36 

26.30 

21.38 

22.31 

6.00 

5.26 

30.76 

33.06 

36.11 

32.90 

5.76 

6.49 

' 0.89 

0.91 

0.242 

0.260 

25.70 

27 66 

10 06 

19.06 

5.53 

4.30 

30.55 

34.54 

39 07 

36.15 

6.70 

6.86 

0.95 

0.89 

0.204 

0.205 

24.82 

28 14 

4 63 

2.88 

2.64 

1.88 

38.80 

46.90 

40.61 

41.94 

7.32 

6.40 

0.314 

0.214 

0.176 

0.114 

23.56 

30 SI 

5 00 

2.75 

3.03 

1.72 

30.50 

46.63 

44.74 

42.50 

7.77 

6.40 

0.326 

0.164 

0.203 

0.138 

20.49 

19 65 

11 25 

8.31 

3.52 

2.31 

31.80 

35.95 

41.82 

42.78 

11.61 

10.65 

0.378 

i 0.32 

0.156 

1 0.148 

20.49 

21.83 

9.75 

6.36 

3.47 

2.30 

32.40 

37.80 

42.98 

43.54 

11.43 

9.80 

0.294 

0.21 

0.157 

1 0.135 

25.29 J 

27.85 

12 30 1 

T 25 

3.91 

2.49 

33.45 

43.93 

42.^ 

40.75 

7.86 

5.58 

0.70 

0.54 

0.177 

0.165 
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1 1 
n 

Pgig 

doddo 

0.546 

0.547 

0.676 

0.513 

0.482 

0.640 

0.653 

0.861 

0.758 

0.820 

ddddd 

iii§ 

dddd 

0,517 

0.565 

0.502 

0.546 

ddddde 

SSSSSg 

God^eoee 


sg;£^ss 


3.02 

2.79 

2.80 

3.25 


1* 

•#■^•<4*00^ 

Meoeoe^eo 

04 CO COM 

C4 CO GO CO 

C4d04C4 04C4 


27.70 

30.10 

20.10 
29.08 
20.15 

iSSSSS^ 

20.63 

25.25 

25.85 

24.15 

22.75 

25.83 

28.71 

28.00 

28.60 

25.48 

11.08 

10.50 

11.93 

10.88 

18.35 

11.67 

11.84 

12.63 

12.15 
18.08 
12.50 

13.16 
13.63 

11 ni 

41 ' 
tf' 

26.43 

26.20 

27.06 

26.62 

26.12 

26.71 
25.88 
25.22 

25.71 
24.60 

29.60 

81.26 

81.06 

32.18 

28.86 

81.84 

34.76 

30.34 

29.28 

81.99 

20.25 

27.41 

28.00 

29.40 

26.80 

27.83 

29.48 

80.67 

SSSSSSS^SS 

Oradij 

fiber 

a 

30.86 

20.20 

26.66 

28.00 

27.50 

28.35 

28.70 

24.20 

29.00 

20.60 

33.60 

26.00 

24.00 
27.06 

29.00 

25.71 

23.50 

23.60 

26.30 

24.55 

40.60 

40.40 

39.25 

87.20 

37,50 

80.00 

37.16 

35.20 

30.26 
28.15 
30.10 
82. « 
28. 

29. 

Etber 

iolubli 

extract 

i 


4.16 

4.28 

4.12 

3.60 

3.91 



dddd 

5.55 

5.80 

6.22 

5.18 

dddddd 

odSS 1 

gls^ 

' S35saa 

ssdss 

11.44 

12.31 

13.81 

12.38 

15.00 

11 94 
13.19 

13.50 

11.50 
12.80 

13.93 
15.30 
15.00 
16 50 

16.80 
18 70 
16.31 
16.42 

21.00 

22.38 

21.00 

19.13 

22.33 

23.06 









Total 

solids 

% 

«ssa£3 


31.83 
40.20 
51 02 
25.04 
43.92 

27.05 
28.58 
26.32 
36.11 
27 13 

20.44 
48 70 
28.77 

50.45 

28.00 

26.19 

20.10 

26.12 
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Nutritive 

ratio 

1 to 



111 

10.20 

9.87 

15.86 

16.09 

13.31 

12.81 

14.00 

13.48 

15.50 

13.85 

12.01 

10.71 

12.03 

1 

Ether- 

soluble 

extract 

0.36 

0.23 

1.04 

1.29 

0.55 

0.53 

0.34 

0.86 

0.00 

0.37 

0.40 

0.30 

0.48 

1 

1 

1 

p 

Oarbohydratea 

II 

<<^^cd«^<Du5a6iot^id>i6'^ co 

Crude 

fiber 

eoe^'i^eoeaGQcdc^edtd^oo eo 


Crude 

protein 

1.81 

2.03 

8.03 

8.11 

2.28 

2.07 

2.43 

3. 13 

3.15 

0.64 

1.50 

1.30 

1.62 

Total 

dry 

matter 

s' 

j 

P 

1 

Soy bean Jin flower) Olootan var. N-P-K 

Soy bean fin flower) Otootan var, N-P-K 

Soy bean Ififll pods) Otootan var. N-P-K 

Spy <fun pods) Otootan var. N-P-K..., 

Vdvet bean fin flower) N-P-K 

Velvet bean (full pods) N-P-K 

Pigeon pen (before blooming) N-P-K 

Pigeon pea (before blooming) N-P K 

Y^gua (N and P) 

Merker grass (N only) J 

Marker grass (N only) 

Merker grass (N only) iw + 

pigeon pea (before blooming) 1 , , ^ , 


1 

i 
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Tabli XI 

DIGESTIBLE NUTRIENTS PRODUCED PER OUBRDA* OP GREEN LEGUMES** 


Etber- Total 

soluble digestible 
extract matter 
lbs. lbs. 


Trial 

No. 

Ration 

Dry 

matter 

lbs. 

Crude 

protein 

(NX6.25) 

lbs. 

Crude 

fiber 

lbs. 

8 

Soy bean (in flewer) Otootan 
yar 

1,968 

217 

380 

4.. .. 

Soy bean (in flower) Otootan 
yar 

1,926 

243 

341 


AySBAGB 

1,947 

230 

361 

6 

Soy bean (full pods) Otootan 
yar 

3,731 

485 

682 

6 

Soy bean (full pods) Otootan 
yar 

4,005 

497 

629 


AyEBAGE 

3,868 

491 

656 

7 

Velvet bean (in flower) 

4,976 

579 

975 

8 

Velyet bean (in flower) 

5,000 

537 

985 


Atebage.... 

4,988 

558 

980 

9 

Velvet bean (full pods) 

5,860 

681 

966 

10 

Pigeon pea (before flowering). 

2,436 

313 

370 

11 

Pigeon pea (before flowering). 

2,579 

315 

307 


Ayeeagb 

2,508 

314 

289 



*Oiie cuerda equals 0.054 acre. 
**A11 fertilized with N-P-K. 


Table xn 

NET PROTEIN VALUES OF COMMON LEGUMES FED SINGLY AND IN 
COMBINATION TO LAMBS WET BASIS 




Soy bean (in flower} Otootan var 

Soy bean (in flower) Otootan yar 

AyEBAQB 

Soy bean (in full pods) Otootan var... 
Soy bean On full pods) Otootan yar... 
Atebaoi.... 

Velyet bean (in flower) N-P-K 

Vdyet bean (in flower) N-P-K 

AyEEAOB 

Vdyet bean (in full pods) N-P-K 

Pigeon pea (before blooming) N-P-K.. 
Pigm pea (before blooming) N-P-K. . 
Avebaoe 

Marker grass (N only plus 
pigeon pea (before bloonung) 1 
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Tabib XIII 


YIELD OF CALCIUM AliTD PHOSPHORUS PER OUERDA AND PER TON OF 
GREEN LEGUMES 


Trial 

No. 

Ration 

Green 

forages 

per 

euerda 

tons* 

Dry 

legume 

per 

euerda 

lbs. 

Yield per Cuerda 
of 

Yield per Ton of 

Calcium 

lbs. 

Phospho- 

rus 

lbs. 

Calcium 

lbs. 

Phospho- 

rus 

lbs. 

3.... 

Soy bean (in flower) Otootan var . 

6 

1,968 

27.95 


4.66 

0.85 

4.... 

Soy bean (in flower) Otootan var. 

6 

1,026 

28.31 

4.83 

4.72 

0.81 


Avebags 


1,947 

28.13 



0.83 

6 .... 

Soy bean (full pods) Otootan var. 

8 

3,731 

45.89 

9.70 

5.74 

1.21 

6 .... 

Soy bean (full pods) Otootan var. 

8 


48.86 

9.81 

6.11 

1.23 


Avebaoe 


3,868 

47.38 

9.75 

5.92 

1 22 

7... 

Velvet bean (in flower) 

13 

4,976 

60.21 

6.67 

4.63 

0.51 

8... 

Velvet bean (in flower) 

13 



9.55 

4.65 

0.73 


Average 


4,988 



4.64 

0.62 

9,... 

Velvet bean (hill pods) 

14 

5,860 

59.77 

10.61 

4.27 

0.76 

10... 

Pigeon pea (before blooming). ... 

5 

2,436 

21.68 

5.90 

4.34 

1.18 

11.... 

Pigeon pea (before blooming) — 

5 

^579 

24.50 

5.26 

4.90 

1.05 


Average 

e 


2,508 

23.09 

5.58 

4.62 

1.11 


^Yields obtained at the Experiment Station. 


Table XIV 


VALUE OF THE LEGUMES IN FATTENING 


Ration 

Average 
dry 
matter 
ingested 
per head 
Gms. 

Number 

of 

animals 

Number 
of days 
in ex- 
periment 

Average 1 
weight 
of lamb 
Egms. 

Increase 

in 

weight 

Xgms. 

Increase 

in 

weight 

Percent 

Soy bean (in flower) Otootan var. . . 

Soy bean (full pods) Otootan var 

Vdlvet bean (in flower) 

5,968 

6,960 

6,464 

6,874 

5,502 

6,701 

6,911 

10 

10 

8 

6 

11 

11 

6 

20 

20 

20 

10 

20 

20 

10 

18.38 

17.44 

17.74 

15.76 

15.70 

17.62 

16.12 

(&) 0.962 
0.808 
0.883 
0.717 
1.92 
0.246 

0.473 

(5) 5.23 
4.63 

K AO 

Vdvet bean (full pods) 

Pigeon pea (before blooming) 

Merko* grass (N only) 

0* U4 

4.56 

12.22 

1 ftO 

Merker grass (N only) plus 

pigeon pea (before blooming) 1 

A. oV 

2.94 


Average decrease in weight, 
(h)— Per rent decrea<« in weight. 
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A1.TESNATE HOST PLANTS OF THE PINE BOLLWOSH, 
PEGTINOPHORA GOSSYPIELLA (SAGND.), 

IN PUERTO RICO 

By L. Courtney U S. Bepartment of Agrienltore, Buiean of 
Entomology and Plant Quarantine 

Intboduotion 

A knowledge of the importance that alternate host plants play 
in the perpetuation of the pink bollwonn, Pectinophora gossypieUa 
(Saund.), fi*om one cotton crop to the next is valuable in formulat- 
ing methods for its control. Heretofore this problem has been lit- 
tle studied in Puerto Rico. 

Puerto Rico is comparatively rich in Mialvaceae, the only family 
of plants that has been found to include species attacked by this 
pest, 19 genera and 59 species having been recorded. Other than 
cotton however, only 5 genera and 9 species of food plants of the 
pink bollworm are found on the Island. The importance of each 
of these food plants in maintaining the pink bollworm in the absence 
of cultivated cotton is briefly discussed in the following notes. 

Montezuma 

Maga, Montezuma speciowsima, is a tree endemic to Puerto Rico. 
It has been planted along roadsides as an ornamental and for shade, 
but it i« also found on waste land in mountain ranges. The tree 
is most abundant in the cotton-growing region on the north coast 
between Aguadilla and Han Jxian. The wood is used in making fur- 
niture, interior woodwork, musical instruments, fence posts, etc. 
The large, showy flowers are bright red and remain on the plant 
several days after opening. Every tree bears numerous seed eajysules 
which average IMs inches in length and lYi iuches in diameter, and 
each pod contains several naked seeds. . 

The relation between the time of abundance of mature seed cap- 
sules on this tree and the seasons of cotton production on the north 
coast is shown in Figure 1. It will be noted that few or no mature 
seed capsules are found on this plant during June, July, August, 

^Working in cooperation vith the Puerto Ksco Experiment Station of the United 
States Department of Agricnltnre. 

*The writer is greatly indebted to Mr. Josfi Otero, Iiibrarian of the Insular Eiq^eiriinent 
Station, for the identification of the various plants mentioned in this publication. 

m 
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and September. Bnda and flowers, however, are produced in abun- 
dance during the entire j’ear. 

Counts for pink boUworm infestation were made in the fruiting 
forms of maga during the first week of each month from November 
1936 to May 1937, inclusive. The area surveyed induded most oi‘ 
the commercial cotton-growing districts along the north coast between 
Aguadflla and Camuy (43 kilometers). Large samples of pods and 
buds were taken about every 2^ kilometers in this area. 

The results of examination of the mature seed capsules are sum- 
marized in Table 1 and graphically illustrated in Figure 1. It will 
be noted that the average percentage of infested seed capsules gi’ad- 
ually decreased from 30 percent in November 1936 to 1.1 percent 
in May 1937. The highest percentage of infested pods was 54.3 
percent recorded in Novembei' at Camuy. Even as late as April 
the pod infestation averaged 10.6 percent, ranging from 2 percent 
at Isabela to 28 percent at Aguadilla. Also, of 100 pods examined 
at Camuy in MCareh 1937, 41 percent were found infested. It will 
also be noted that the infestation was highest on Mmtmvma spedo- 
sissima during the dead season of cotton production, i. e., from Sep- 
tember 30 to January 1. The mature seed capsules, however, are 
most numerous during the planting season. They gradually decrease 
'll uiunbers and by June become very scarce. As shown in Figure 
1, the infestation is carried over on these pods well into the growing 
period of cotton. 

At Isabela, Wolcott (1936) found maga pods continuously in- 
fested from September 1931 to June 1932, the infestation ranging 
from 90 percent in October to 3 percent in March. He examined 
about two samples per month during this period and all were infested. 

The results of pink bollworm infestation counts in large buds of 
maga from December 1936 to March 1937 on the north coast between 
Aguadilla and Camuy are summarized in Table 2. The average 
number of buds found infested was as follows: December, 16.6 per- 
cent; January, 9,3 percent; February 4 percent; and March, 0.4 
percent. The highest infestation in buds was 35.3 percent in Decem- 
ber at Isabela. It will also be noted that buds were not so heavily 
infested as the pods, the ratio being about 1 to 4. 
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JULY » AUG * SEPH ' OCT * NOV * OCC * JAN • FEB ^ MAR < APR i MAY ' JUN 

Picking 'season ocao season plant ng ' fcAsoN crow n^ season 

COTTON SEASONS 



OCCURRENCE OF MATURE SEED CAPSULES ON MAGA 



of cotton pioduction, mean monthly rainfall distribution, oe- 
(uiionce of mature seed capsules qp maga, Montezuma \pe 
(Aosisima , and pink bollwoim infestation in maga pods during 
1936-37 in the cotton area on the north coast of Pueito Eico. 


Tablk 1— Pink boliworm imRSTmoN in ihl matire seed caisulls ox Monfraw/na ^peeiomma 

ON TDi NORTU COAST OF PUERTO KiCO BETWEEN AOUADILX V AND CAMUY FROM NOVFM- 
BSR 1936 TO Mai 1917 inciusi\e * 





PcrcentaLe of seed t ipsule^ infested during 



Dibtauco 









from 


1 






1 ocality 

San Ju'in 

1930 1 



1117 




Kilonieleis 

Nos 

Dec 

)in 

rtb 

Alar 

4.pr 

Ma\ 

\gua lilla 

141 





17 0 

28 0 

1 2 

Aguadilla 

Htt 

IK 1 

21 1 

19 *• 

1^ 9 

0 8 

80 

6 4 

Agimiiilla 

H7 





1) n 

5 0 

1 4 

Aguuiilli 

HI 



9 1 

12 1 

11 0 

22 0 

1 1 

Isabdii 

H2 


24 1 



7 0 

50 

0 

IsuboUi 

12(1 



21 ) 

7 (» 

1 0 

10 0 

3 4 

Isabelti 

12') 





6 3 

20 

0 

Isabel! 

126 

31 1 

b 1 

17 1 

11 6 

U 9 

9 0 


Qucbnulilla^ 

111 

US 

r 5 

13 1 

8 7 

H 0 

13 0 

0 

Quobiadilliis 

109 

1() 7 



1 S 



0 

QuebiAdillns 

107 

n 0 

20 0 

41 4 

10 4 

S 8 

4 5 

0 

C axnuv 

102 

H i 


" 2 

9 1 

8 0 

60 

0 

Camuv 

101 

54 3 

17 3 

20 8 

15 1 

0 

3 0 

0 

Camuy 

99 





41 0 

220 


Al BRACE 


30 0 

21 9 

24 3 

12 8 

10 8 

10 6 

1 1 

Number of pods 

f Average 

51 6 

85 2 

63 4 

96 6 

95 8 

99 1 

116 1 

Examined per 

\ Max 

82 

120 

83 

149 

120 

100 

203 

sample 

1 Mm 

30 

37 

44 

18 

62 

88 

61 


C*) All soed capsules were collected and examined during the first week of each month 
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Table 2— PiN*r bollworh infestation in large buds of MonffsuTna spcciMisitima on the North 
Coast of Puerto Rico between Aguadilla and Gamut from December lfl36 to March 
1937, inclusive. ♦ ** 



(*} All buds were examined during the first wceh of each month. 


As many as four mature larvae have been found in one seed cap- 
sule and three in one bud. In the pods the larvae feed almost 
entirely inside the seeds, hollowing-out their contents. When the 
larvae become mature they may tunnel to the outside or remain in 
the seeds to pupate. 

As shown also in Figure 1, the picking season on the north coast 
occurs during a period of hea\T I’aintal] and the planting season 
during the driest period. Mr, U. C, Loftin, in an unpublished report 
submitted in 1931, recommended a reversal of the seasons of cotton 
production in this area so that the planting season would oc(*.ur during 
the period of heaviest rainfall and the picking season during the 
driest period, thereby establishing uniform cotton seasons for the 
entire island. A further study of this problem by the writer fl937) 
su^ested that the seasons of cotton production be adjusted so that 
the dead season would coincide with the period when very few seed 
capsules occur on maga, i. e., from Mfeiy 1 to July 31 of each year. If 
this were done the pink bollworm would be more limited in finding 
suitable fruiting torms on maga in which to breed up in large numbers 
during the dead season between one cotton crop and the next. If such 
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changes were effected the planting season would also coincide with 
the period of greatest rainfall and the piokiug season with the driest 
period. The growers would greatly benefit by such a practice, since 
a reduction in the pink bollworm infestation would permit them 
to produce more cotton of a superior qualify. 

Thespesia 

Thespesia popuVnea (emajaguilla) is a wild tree which occurs in 
'waste places on the lower coastal plains, particularly on the south 
coast between Cabo Rojo and Ponce. It has been planted along 
roadsides as an ornamental and for shade. Fruiting forms in all 
stages of development may be found on tliis plant during the entire 
year. The mature seed capsules average about 1 inch in length 
and about 1%. inches in diameter, and each pod contains several 
naked seeds. 

Numerous seed capsules were examined* throughout the closed 
season of cotton production on the north coast in 1936 and 1937. 
As shown in Table 3, the mature green pods were found infested 
from September 1936 to March 1937. During this entire period 
tlu^ infestation averaged 3 4 percent, rhe highest being 14.3 i)er- 
ceut. Thespesia populnea does not, however, become infested until 
after the cotton has been destroyed at the end of the season. These 
data show that the pink bollworm will successfully maintain itself 
on this host plant in the absence of cotton for 4 or 5 months. 

This tree has previously been repoilied as a host plant of Peeii- 
nophora (jossypiella in Ilawaii by Fallaway (1909) and Willard 
(1927), in the Virgin Islands by Loftin (1931 , and in Puerto Rico 
by Wolcott and Rein (1931). 


Tabmg 3— Pink bot^lwoiih infkstation in thk maturr orrrn HRen CAPHUiLBs of Jhegpesia populma 
os TUB NORTH COA^«T OF PUBRTO KUX) FROM SBPTRMBRR 1U36 TO APBIL 1037, ma.UHlVR, 


Locality 

l>HlO 

cxamiliod 

Number 

examinod 

Percent 

infested 

Isabela 




Sept. 0, 1036,. 

100 

U 

Isabela 

• • 



Sept. 16, 1936. 

S2S 

4.0 

Quebradillas 




Nov. 5, 1936. . 

100 

0 

Isabela 




Nov. 6, 1936.. 

100 

3. ) 

Isabela 




Nov. 19, 1936. 

70 

14,H 

AsuadiUa 




Nov. 19, 1936. 

100 

6.0 

Isabtia 




Pec. 11, 1936 

100 


Isabtia 




Dee. 12, 1936. 



Isabda 




Jan. 11, 1937.. 

04 

4.7 

Ifflbda 




Peb. 10, 1937. 

120 

3.9 

Isabela 




Peb. 10. 1937. . 

67 

1.6 

Isabda. . . . 




Mar. 6, 1937.. 

100 

4.0 

Isabela. 




Apr. 5, 1937., 

84 

0 
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AsBIiMOSCnUS 

p 

Okra, Abehnoschtis esculenius, is cultivated quite extensively in 
all parts of the Island. Since pod infestations of okra as high as 
50 to 90 percent have been recorded in other countries when this 
crop was growing adjacent to heavily infested cotton, it is con- 
sidered a rather favorable host plant of the pink bollworni. Wol- 
cott (1931) reports that even young pods may become infested when 
nearby cotton is infested, necessitating quarantine regulations against 
its exportation. Consequently, as a means of controlling the pink 
bollworm, it would seem logical to avoid the growing of okra during 
‘‘be closed season of cotton production. 

Okra has also been reported as a host plant of Pectvnophora 
gossypiella in Mexico by Loftin et al (1921), Ohlendorf (1926), 
and Rude (1932), in Egypt by Willcocks (1916), in Africa by Tay- 
lor (1936), in the Virgin Islands by Loftin (1931), and in Austra- 
lia by noldaway (19265. 

Algalia, AbelmoscJius abelmoschiis, is occasionally grown in Puerto 
Rican gardens for its musk-scented seeds and for medicinal purposes. 
The large bristly seed pods average around 2% inches in length 
and 1^/4 inches in diameter. Of 129 pods collected adjacent to 
iiitested cotton at Isabela, 10, or 7.8 percent, were found infested. 
Fii*st-instar pink bollworm larvae were artificially installed on 20 
mature green seed capsules and 10, or 50 percent, became infested. 
One infested pod contained 11 mature larvae and 1 of the third 
instar. These observ^ations indicate that the seed capsules of alga- 
lia are well adapted to the feeding habits of pink bollworm larVae. 

HmisoTJS 

The majority of the known host plants of the pink bollworm 
belong to the genus Hibmus, of which at least 18 different species 
Ijave been reported from various countries of the world. Only three 
species, however, were found to be attacked by Pecfinophora goasy- 
piella in Puerto Rico namely, JET. irilobus, H. bifurcatus, and II. 
i^abdariffa. 

Of these three species, Hib'iscus irUobiis is mai'kedly preferred. 
01 87 pods collected 3 or 4 miles from a cotton area during the dead 
season at Boqueron, 14, or 16.1 percent, were infested. Many pupae 
were found inside the pods, a few pods containing three live pupae 
each. The involucre completely covers the seed capsule except for 
a small opening at the extreme tip. Some of the emerging moths 
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wore trapped in this enclosure and died. The seed capsules ai*e 
about 1^4 inches in diameter and 1% incites in length, and it appears 
that Ihey are well adapted to the feeding habits of this pest. 

llibifteii^ bifnrraius and 17. sabdariffa were grown beside heavily 
infesled cotton at Isabela and both became infested. In the former 
si)ocieK 4.2 percent of the seed capsules w^ere infested and 0.7 per- 
cent of the pods in the latter. 

Hibisems rosorsinensis (var. Velvet Red) is a very common orna- 
mental, grown as hedges, along roadsides, and in gardens, at all 
elevations. Ilow^ever this species rarely, if ever, produces seed 
capsules, although buds are produced in abundance during the entire 
year. Of 697 buds collected adjacent to heavily infested cotton, none 
was found to be infested. First-instar larvae were installed on 
80 ])uds but none became infested. 

Although Hibiscus schiisopetalus is quite common, it rarely devel- 
ops seed pods. The buds are small and not well adapted to the 
feeding habits of ihe larvae. 

Both Taylor (1936) in Africa and Willcocks (1916) in Egypt 
report the presence of the pink bollworm in Hibiscus cannabimis; 
and one larva was taken in H. mutabilis by Loftin et al (1921) in 
Mexico. These two species are lmo^vn to occur in Puerto Rico but 
only in limited numbers. 

Of 568 seed pods of Hibisevs hrasUiensis collected in an infested 
cotton-growing area over a period of several months at Boqueron, 
none was found infested. This plant is quite numerous on the 
southern coast between Boqueron and Ponce. 

No species of Hibiscus attacked by Peciiuophora gossypieUa in 
Puerto Rico is sufficiently numerous to be of any importance in main- 
taining this pest during the closed season of cotton production. 

Althaea 

Although Alfhacn rosea (hollyhock) is occasionally attacked by 
the pink bollworm in Puerto Rico, it is not sufficiently abundant to 
be of any importance, Loftin, McKinney, and Hanson (1921) and 
Rude (1932) report it as a host plant in Mexico, and Willcocks 
(1916) in Egypt. 

AbtjthjON 

Quantities of seed capsules of Abuiilon hirtnm were collected 
repeatedly near infested cotton and placed in rearing cages for 
emergence. From 502 pods collected at Boquer6n, 2 pink bollwonn 
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moths emerged. Prom all the other collections no stage of this pest 
was ever recovered. The .green pods are coated with a resinous 
secretion which might serve as a protection against certain insects. 

It is interesting to note that Holdaway (1926) reports AhutUon 
ocfoearpus and A. amplwm as host plants of Peetinophora gossypiella 
in West Australia and A. vnMcfum in South India; McDonald (1931) 
records it from A. kypoleucum in Mexico but believes it would not 
survive on this host plant in the absence of domestic cotton; and 
King (1917) reports it from hanbuk (AlutUon sp.) in Africa. 
Britton (1924) reports the presence of A. indieum, A. vrnibeUatitm, 
and A. eommutatwn in Puerto Rico. 

MjSOEXiliANEOUS ReOOBDS 

Three wild species of malvaeeous plants are very common in 
Puerto Rico. These are Sida cordifolia, Malaehra mpHata, and Mal- 
vasfrum sp. Large quantities of these plants were collected repeat- 
edly near infested cotton and placed in rearing cages but no stages 
of the pink bollworm were ever found in them. However, species of 
both Sida and Mcdvasirum have been reported as host plants of the 
pink bollworm in other parts of the world. 

Numerous seed capsules of Pariti tdiaceum were examined for 
the pink bollworm, but the results were negative. In most eases 
these fruiting forms were collected in cotton-growing areas heavily 
infested with the pink bollworm. Holdaway (1926) reports that this 
shrub is a primary host plant of a closely rdated species, Platyedra 
seviigera, in Queensland and New South Wales. 

According to Hunter (1926), Cayla (1921) reports Bomlax m<m- 
gvia (Bombaceae) as a host plant of Peetinophora gossj/piella i'l 
Brazil. Numerous seed pods of a closely related species, Ceiba pen- 
tandra, were examined in Puerto Rico, but no stage of this pest was 
found in them. 

Sthcuabt 

The seed pods of three malvaeeous plants, Monteeuma speeiosh 
sma (maga), Thespesia populnea (emajagmUa) , and Abdmosehxts 
esetdenivs (okra, or gningamb6) were found to be important host 
plants of the pink bollworm in that they provide a continuous food 
supply for breedit^ during the dead season of cotton production. 
Several other plmit species were attacked, namely, Abelosidtus abd- 
mosehm (algalia), EOnsms saibidariffa (vina), Hsbisom trOobuSf 
Hdtiseus Ufureaius (buenas tardes), AluElon Urtvm (buenos dias), 
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and Althaea rosea (hollyhock, or varilla de San Jos6). None of 
these species, however, is sufficiently numerous to be of any impor- 
tance. 
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A SEARCH m THE GITIANAS AHD TRINIDAD FOB 
PREDATORY BEETLES OF THE 
BAMBOO SCALES 


B.\ K. A, IUrtli'I'T Asi^ocmir Kntomolorjiht, Puerto Bieo Experiment Btation, 
United Stales Depaitment of Agriculture 

Bamboo Scales are (Jommon THEOUGUOur the West Indies 
AND Northern South Ajueriga. 

Throughout the West Indies and in northern South America 
there are two species of scales which commonly attack bamboo, Astero- 
lecanium banibusae (BdT.) and A. miliaris fBdv.)- The former 
species generally confines its attack to the culms and larger branches, 
while the latter species usually attacks the leaves. In Puei'to Rico 
both of these scales are particularly prevalent. Only one .species 
of predatory beetle has been recorded as feeding on A bambwtae in 
Puei'to Rico ; Wolcott * records the collection of Seymnillodes eyaries- 
cens var. violaoeus Sicard. S. M. Dohanian, in an unpublished report, 
stales that he obsei-ved a number of predators feeding on bamboo 
scales in Trinidad. Director Lee, of the Puerto Rico Experiment 
Station of the United States Department of Agriculture in a trip 
through the West Indies and northern South America, also observed 
considerable numbers of predatory beetles feeding on bamboo scales. 

SE\BOn roR Prejdatort Beetles was Made in BRmsn 
AND Duron Gotanv and in Trinidad. 

In eonjunction with a trip to British Guiana to obtain the 
Amazon fiy, ® there was presented the possibility of making a search 
for predatory beetles of the bamboo scales. An appropriation from 
regular funds of the Puerto Rico Experiment Station also aiforded 
an opportunity to visit Trinidad and Dutch Guiana in search of 
these predatory beelles. I wish to take this opportunity to express 
my thanks to L. D. Cleare, Entomologist, British Gniana Depart- 
ment of Agriculture, G. Stahel, Director Experiment Station, Dutch 
Guiana, and to Alan Pickles Entomologist Trinidad Department of 
Agriculture, for their cooperation in the search and coUeelion of 
these predatory beetles. 

» Wolcott, G. N. “Insectao Borinquensoft**. The Journal of Agricultnre of the TTni- 
voruity of Puerto Rico, Vol. XX, No. 1. January 1986. ^ ^ 

eooporativQ project ilxiianoed V the Puerto Rico Suffar Producers AssodatioiL and 
the Fajardo Oo. 
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Bight Species op Predatory Beetles Were Collected and Shipped 

cTO Puerto Rico 

During a 4-day stay in Trinidad, six species of predatory beetles 
were found feeding on the bamboo scales A. havnbusae and A. miUa/n$, 
The following species were collected in the vicinity of the Imperial 
College of Tropical Agriculture, St. Augustine, Trinidad, W. W. T. : 
Azya trimtaiis Mardi., Cryptogmiha nodiceps Marsh., Delphasius 
sp., Peniilia cast<mea Muls., and Pmtilia sp. ® 

In Dutch Guiana during a 2-day search for predatory beetles, 
three species were found, namely Azya sp. probably trintatis and 
two species of FeniUia,^ These collections were made at a planta- 
tion on the opposite side of the river from Paramaribo, Dutch Guiana. 
Collections were made from bamboo growing along the banks of 
drainage canals. In some eases it was necessary to collect from 
dugout canoes, and this factor, together with the constant danger of 
poisonous snakes, ma<le collection rather dijB&eult. 

In British Guiana three species were collected, Azya trimtaiis, 
Pentilia castanea, and PentUia sp.^. In addition to the above species, 
which were sent to Puerto Rico, there were collected a few specimens 
of Scymnilhis sp. and Delphastus sp. and one specimen of Azya 
pontbrianfi Muls. On one occasion on bamboo planted near a sugar- 
cane field several specimens of Cyeloneda sanguinea (L.) were ob- 
served feeding on A, miliaris. The shipments of predatory beetles 
sent by air express to Puerto Rico are summarized in Table 1. 


Table 1— A summary op the collections of adult pbbdatoey beetles in Bkitisit and Dutch 
Guiana and Trinidad which were shipped by air bxi*be88 to Puerto Rico, giving 


location, date, species, and number shipped 


Species 

British Guiana 
Sept. 25 and 
Oct. 2, 1937 

Dutch Guiana 
Sept. 4, 1037 

Trinidad 
Aiig. 4, 1937 

No. shipped 

No. shipped 

No. shipped 

Azya trinitatis 

292 


10 

Azffa sp. probably trinitatis. . 

Qrgj^ogntUha nodiceps 


27 


(hannus sp 





Detjihastus sp 




PentUia castanea 




PentUia sp. 0) 

82 

79 


PentUia sp. (*) 


133 


Total 

1,012 

239 



1) A dark brown species witb red dots on wing covers. 

A solid dark brown ^ecies. 

* Determinations by E. A. Obspin, U. S. National Hkaeiim. 
*A dark brown qpecies with rod dots on wing covers. 
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Bamboo Scales Appeared to Be op Little Importance 

IN THE CoUNTRLEb Vl^ITBD. 

While both banaboo scales, Asterolecmium bamlitsae and A. mi- 
liaris, were readily found in all the countries visited, it is of impor- 
tance to record that the scale attacks were confined almost entirely 
to a single species of bamboo, Bamlusa vulgam Schrad; this was 
particularly true of A, lambusae found on the culms and of com- 
paratively slight infestation. In Puerto Rico, where natural enemies 
are lacking, these scales are found attacking not only the common 
jB. vulgaris, but also most of the more important species of bamboo 
which have been recently introduced from other countries of the 
World. 

The species of beetles collected were found in proportionate num- 
bers to the adults shipped. Larvae of all the species collected were 
observed feeding on scales on both the culms and leaves. The adults 
were most abundant in the sunlight. It is hoped that the introduc- 
tion and establishment of these beetles in Puerto Rico may result in 
a reduction of our bamboo scale infestations. 




A DEYmm PARASITE ATTACKING BALDULUS MAIDI8 
m PUERTO RICO 


By K. A. Bartlett, Associate Bwlomologisf, Puerto Bico Eaqperimeut Station, 
United States Department of Agriculture. 

An interesting parasite of the com leafhopper, Baldidm maidis 
(Del. and W.),^ was observed at Mayagiiez, Puerto Rico, during 
August 1937, by Wallace K. Bailey, Associate horticulturist at this, 
the Federal Experiment Station, who called it to the attention of the 
writer. Following observations, collections were made and material 
reared for determination. The parasite was found to be a new species 
of Gofiatopus very near (?. bicolor Ashm.,® known to attack Baldiilus 
vnaidAs in the United States Observations were apparently made on 
the parasite in 1912 by T. H. Jones (1), who reared specimens of 
a new species of Gonatopus from cocoons collected on cane leaves. 
Wolcott (1) records the finding of Baldnlus niaidis parasitized by a 
blue-green strepsipteron, which might easily have been mistaken for 
the larval sac of this dryinid parasite. 

This parasite is antlike in appearance; the adult females are 
wingless. The forelegs of the female are especially adapted to the 
catching and holding of the leafhopper while inserting an egg in 
the dorsal side of the abdomen. After oviposition the leafhopper is 
released and the parasite begins development. A wartlike protrusion 
develops on the abdomen of the leafhopper. This protrasion is a 
portion of the bod^" of the parasite larva partially enveloped in 
cast sHns. When the parasite larva becomes full-fed the leafliopper 
dies and remains attached to the under side of the leaf for at least 
a short period. During this time the parasite larx’-a detaches itself 
from its host and spins a white, flat, oval cocoon nearby on the leaf 
or stalk of the plant. Prom this cocoon the adult parasite later on 
emerges. 

Collections of living leafhoppers in the field showed a parasitiza- 
tion by Gonatopus of 15 percent. The effectvteness of the parasite 
is somewhat reduced by a hyperparasite which attacks the cocoons. 
Specimens of this hyperparasite were reared and identified as 
Ooencyrius n. sp,* 

^ Identlfioatiott hy F. W. Oman, Burean of Entomology and Plant Qnaran^e. 

■Identification by A. B Gaban, Bureau of Entomology and Plant Quarantine. 
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ECOLOGICAL NOTES ON MOSQUITOES ASSOCIATED 
WITH BBOMELIADS^ 


By George S. Tulloch 

Bureau of Entomology and Plant Quarantine, IT. S. Department of Agriculture 

Epiphytic bromeliads living on a variety of host plants are con- 
fcil^icnous elements of the flora of Puerto Rico. In the coastal plain 
lliey are found in small numbers attached to mangroves growing 
near the seashore or to trees growing along the rivers. They ai'e 
jiarlicularly abundant in the dense forest of the mountains, occur- 
ring in such numbers as to obscure almost completely the trunks of 
Sierra palms and other host trees. Conditions favorable for their 
development appear to bo heavy rainfall, high temperature, and pro- 
toetion from direct sunlight. Perhaps the most conspicuous brome- 
liad growing in the mountainous i*egion of Puerto Rico is Catops^s 
borteroniana. 

The epiphytic hromeliad is an herbaceous plant with a shortened 
stem bearing a rosette of leaves and a panicle of flowers. Each 
narrow, lanceolate leaf has a sheath which surrounds the stem, and 
forms, with the sheaths of the other leaves of the rosette, a basin 
in which water and oi^anic material collect. Special hairs, which 
are developed on the inner surface of the sheath, absorb water 
and dissolved substances for the plant. In the basins of these plants 
aquatic conditions suitable for the development of mosquitoes, snails, 
lUTOatodes, midges, crustaceans rotifers, etc., are found. 

In the uioinilains of Puerto Rico large numbers of mosquitoes 
are found in ))r<)nielia(ls. Tlere the heavy annual rainfall (over 100 
inches) insures the presence of water in the leaf basins at all 
times. The water usually is yellowish or brownish, the coloration 
being caused by the decomposition of leaves and other organic mate- 
rials which are washed into the bromeliads during the heavy rains. 
Oertain observ^alions pertaining to the temperature and pH value 
of the water, as well as to the species encountered, are summarized 
in Table 1. 

The range of temperature of the water in bromeliads contain- 
ing mosquito larvae was 65®-81® F. The temperature was usually 

^ These investigations were carried on in cooperation with the Federal Experiment Sta* 
tion at Mayaguez, Puerto Bico, under the technical direction of the Division Insecte Af- 
fecting Man and Animals, with special funds available to the Bureau of Entomology and 
Plant Quarantine, tJ. S. Department of Agriculture, for studies on insects of Puerto Bico. 
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less than 75° F. The higher temperatures are not common, as they 
are found only when the ]ilants are exposed directly to the sun. 
The prevailing low temperatures of water in bromeliads are re- 
sponsible to some degree for the vslower rate of development of these 
mosquitoes. 

The waters in all bromeliads examined were acid, the range of 
pH value being 3.8-6.6. The only sources of water in these plants 
are rain waters or dew, which has a pH value of 7. The shift to 
the acid condition apparently is a result of the decomposition of the 
organic materials present in the leaf bases. Possibly humic acids 
are liberated. Although certain protozoa, rotifers, and crustaceans 
have been cited * living in waters with a pH value as low as 3.2-3.8, 
no similar records for insects are available. Mosquito larvae have 
been taken in water with a pH range of 5.&-8.6®, but no records 
of insects developing in waters more acid than this are available. 
The bromeliads are likewise living in an acid environment since 
they utilize the water and dissolved materials contained in the leaf 
bases. The method by which a protoplasmic system adapts itself to 
a medium that is strongly acid or alkaline is not completely under- 
stood. The theory- that hydroxyl and hydrogen ions penetrate mem- 
branes slowly and are neutralized by buffers within the protoplasm 
appears to be as adequate as any. 

The species of mosquito larv'ae that were taken from bromeliads 
were Wyeomyia mifchelln Theobald, Culex americamis (Neveu- 
Lemaire), Megarhinus poriorioensis Eoeder, and Corethrdla appen- 
dievlaia Grabham. The larvae of W. mitohelUi are bright yellow 
and have slightly flattened bodies. Much of their time is spent feed- 
ing over or resting on the debris at the bottom of the water. They 
come to the surface for air less often than the majority of mos- 
quito larvae. The larvae of C. mnericams have bodies well pro- 
vided with tufts of bristles. They are usually found at the sur- 
face and descend to feed for only brief intervals. The larvae of 
C. appendioulata are small, active forms which were always asso- 
ciated with one or both of the above species. M. poriorieensis was 
taken only once in bromeliads at Maricao, P. E., August 1936, at 
an elevation of 2,000 feet. This record is not included in table 1, 
as temperature and pH values were not taken. 


^Heilbaninn, Ii. V. 
*Oh 4 pnisii, R. N. 


An Outline of General PhyaiiSogy, p. 881. Phfladelphla. 
Animal Ecology, p, 151. New York. 1981. 
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THE BIRDS OF SABA 


By Stuart T. D^nburth 

College of Agriculture and Meehunie Arts, TTuivcrsity of Puerto Eico, 
Maya(>uez, P. E. 

During the course of a leave of absence granted by the Hon. 
Board of Trustees of the University of Puerto Rico, the author spent 
the first seven months of 1937 making collections and continuing 
investigations already begun on the fauna of the Lesser Antilles. 

One of the first islands to he visited was Saba, on which the 
author,^ accompanied by Mr. Gustavo Biaggi as assistant, spent the 
period from pJanuary 23 to February 4 

Saba is merely a vsolitary extinct and rugged volcano arising 
precipitously from the sea in the northern Lesser Antilles, at a dis- 
lance of 17 miles northwest of St, Eustatius* 21 miles northwest of 
St. Kitts, and 26 miles southwes^t of St. Martin. It is a Dutch 
possession, and is regarded as a dependency of the colony of Cura- 
sao, though it is approximately 500 miles from the island of that 
name. Although it is a Dutch possession, English is the only lan- 
guage spoken by the residents, and United States currency is used 
for all business except dealings with the government. 

The only ordinary means of reaching the island is by means of 
the small Dutch mail steamer ‘‘Baralf' which makes two round 
trips a month between Curasao, St. Thomas, St. Kitts, and the three 
small Dutch islands in the northern Lesser Antilles (Saba, the Dutch 
port of Si. Martin, and St. Eustatius). The landing at Saba is 
very difficult, as Iherc is no harbor and the small boat which takes 
l)assengcrH ashort' from the steamer merely lands them on the rocks 
on a beach in an exposed position on the southern coast. There one 
should count on receiving a <lucking from the spray and waves as 
j)art of the ordinary landing procedure. A complaining passenger 
was very simidy rebuked by the stolid boatman with the admoni- 
tion “This is Saba’’. From the landing place, (where the only 
building is a small customs house), a pathway in large part cut 
as steps in the solid rock of the mountainside leads up to the town 
known as The Bottom, occupying an extinct volcanic crater at about 
900 feet elevation. This is the seat of government, and here resides 
the “Oezaghebber”, or district governor. After obtaining permis- 
sion from him to make our collections, we continued on up the moun- 
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tain pathway to another village of about equal size known as Wincl- 
wardside, at an elevation" of about 2000 feet on a shoulder on the 
eastern slope of the mountain. Here our friend, Mr. Stanley John- 
son, had made arrangements for us to stay, there being no regular 
hotel or boarding accomodations on the island. This was the cen- 
ter of our activities during our entire stay. 

The rugged volcano which comprises Saba attains a height of 
2820 feet, according to the British Admiralty charts. Its upper parts 
are known locally as ‘‘the Mountain^^ and are clothed by an almost 
pure stand of tree ferns extending to the very summit. At that 
point there is a rather small extinct crater in which bananas are 
planted to protect them from the wind. Some large boulders have 
been thrown up on the rim by volcanic action these constituting the 
extreme highest points of the island. 

Prom the higher parts of the mountain there extend down to 
the sea a number of steep walled, deep, rugged ravines known locally 
as “guts”. These are filled with a dense semi-xetophytic growth 
of brush and small trees, and together with the mountain top are 
the best places to find birds. The rest of the mountain side (and 
practically all of Saba is mountain side) has rather sparse vegeta- 
tion due to its exposed position and the cultivations of the residents. 
In the northwestern paii; of the island there is an abandoned cop- 
per mine, comprising various caves and tunnels. Here many bats 
occur. Iguanas and snakes abound in the guts. 

Previous to our visit T find record of only two ornithological 
collectors who had visited the island. P. A. Ober visited Saba 
approximately sixty years ago, and apparently collected but very 
few birds (among them the type of Geoirygon sabae). No report 
was wiutten on them, Imt reference to a few specimens in the U. S. 
National Museum secured by him is made by Ridgv^ay (IF. S. Nat 
Mus. Bull. 50). James Bond, of the Academy of Natural Sciences 
of Philadelphia, made a short visit to the island iu Novemlier and 
December, 1928 and collected a few birds which are now in the 
collections of that institution. He published no report on his work 
there, but reference is made to a few Saba birds in his “Birds of 
the West Indies^^ 

I have been able to find published records of 19 species of birds 
(2 of them doubtful) from Saba prior to our visit. Eight forms 
were added to the list as a result of our work, bringing the list 
of birds known from Saba up to 28 forms (including three which 
are doubtful). A few records obtained on a very short visit to 
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Saba in December, 1927 while travelling on a sailing vessel en route 
lo other islands are included. Doubtless this list could be increased 
considerably by long continued observations, chiefly through the 
ad<litiou of migratory birds. 

Jn conclusion I must express a debt of gratitude to the many 
peo])le in Saba who most willingly and whole-heartedly assisted us 
in our work. Without the kindly cooperation of De PlV. Gezagheb- 
ber it would have been im])Ossible for us to obtain permission to 
collect in a place where this is now difficult to obtain. To Mr. H, 
Stanley Johnson of Windwardside we are especially indebted for 
making all the physical arrangements for. our stay and for the 
Iraiisportaiion of our luggage and equipment and for many other 
fiu^ors shown during our visit. Mr. eJ. Lambert Johnson, a local 
lumler who knows every foot of his native island, and who is pos- 
sessed of unbounded energy, was of special assistance due to his 
knowledge of the island and its birds. Without his aid our collec- 
tions would have been much poorer. The greater part of the popula- 
tion of Windwardside and nearby country wilUngly helped in every 
way that they could, and it is a matter of regret that space for- 
bids mention of more of these good people who treated us with such 
universal genuine hospitality and willing helpfulness as is rarely 
found. 

An annotated list of the birds known from Saba follows: 

PiiffinuH Hfierniinien Iherminicri Lesson 
Audubon’s Shearwater 
Wedrigo 

An adult male and an egg taken from a hole in the rocks at 
Hell’s (late (altitude about 2,000 feet) on January 27 were brought 
to me. The egg, which was fresh, was white, and measured 52 X 38.8 
millimeters. The bird had the iris dark brown; bill bluish slate, 
black at the tip; legs and feet bluish slate anteriorly, the backs of 
the tarsi and the soles being black. The species was said to nest 
coxamonly on the higher parts of the island. 

Phaethon aetherem mesonmia Peters 
Red-billed Tropic-Bird 
White Bird 

There is a rather large nesting colony of this species on the 
Booby Hill Cliffs. At the time of our visit most of the birds had 
downy young, and it proved possible to find but two eggs, both 
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rather heavily incubated. Local boys managed to capture con- 
siderable numbers of both adult and young birds alive. Of these 
we preserved three adult males one adult female, and two downy 
j oung as specimens. The adults had the iris dark brown ; bill bright 
orange red; legs, base of toes and webs light bluish tinged with 
yellow in parts; tips of toes black. The downy young had the iris 
brown; bill, legs, and basal part of feet bluish gray slightly tinged 
with yellow; tips of feet and webs black. 

The two eggs collected on January 29 were so completely covered 
with brown, red and bluish speckling as to appear like earth. They 
measured 58.8 X 46.4 and 63.3 X 43.5 millimeters. 

We were told that these birds frequent the vicinity of Booby 
Hill Cliffs during the entire year. On December 20, 1927 I observed 
one ot sea about 20 miles north of Saba. The species has not been 
previously recorded from Saba. 

[Phaetkon lepiurus catesbyi Brandt. 

Yellow-billed Tropic-Bird. 

Bond (Birds of the West Indies, p. 8) states that he observed 
this species at Saba, but I regard the record as somewhat doubt- 
ful in view of the facts that no specimens were taken, and that the 
Bed-billed bird is certainly the common if not the only nesting 
species of the island.] 

i^uht leucoijasier leucogusfer (Boddaert) 

Booby 

On December 20, 1927 three were observed at sea some miles to 
the north of Saba. 

\Be^idrocygna aiitumnalis aufumnalvt (Linnaeus). 

Black-beUied Tree-Duck 

There is an extremely doubtful record by Bond (Birds of the 
West Indies, p. 48) who merely lists ‘‘SabaT^ with no explanation, 
among the islands from which the species is recorded.] 

Buteo jamaicensis jamaicensis (Gmdin) 

West Indian Bed-tailed Hawk. 

Chicken Hawk or Macaw 

Seen regnlarly soaring over the higher parts of the island, but 
oddly all specimens noted were immature examples which had not 
yet attained the red tail. One of these, a male, was shot on the 



THE BIBDIa OF SABA 


607 


top of the mouutain on Januaiy 30. It is remarkable for h aing 
smaller than any of six specimens of this race from Hispaniola and 
Puerto Eico in my collection. It exhibits the fnllnw ing measure- 
ments: Length (in flesh) 473; extent 1,109; "wing 317; tail 188; 
cuhnen from base 45.7; culmen from cere 25.1; tarsus 76.3 milli- 
meters. Bond obtained a specimen in 1929, but unfortunately it was 
apparently lost before measurements could be made of it. 

The stomach of the specimen collected in 1937 contained a large 
xat. 

Faleo sparverius (^riiaearum Gmelin 
Antillean Sparrow Hawk 
Killi-Mlli 

Eather locally distributed; observed at Windwardside, on the 
Mountain, and at the Sulphur Mine. Two pairs were collected. The 
stomachs of one pair were filled with lai^e yellowish brown spiders, 
while those of the other pair contained exclusively crickets. 

Sterna fitscaia fuscata Linnaeus 
Sooty Tern 

On December 20, 1927 a flock of 25 was observed feeding at sea 
some twenty miles north of Saba. 

Zenaida aurita auriia (Tenuninek) 

Martinique Dove 

Eidgway records an adult male from Saba. 

Zenaida aurita mvcMa (Bonaparte) 

Zenaida Dove 
Mountain Dove 

Fairly common ; noted from sea level to about 2,000 feet. A male 
coUected in Spring Bay Gut on January 27 unquestionably repre- 
sents this race. 

Upon examination of the material from the northern Lesser 
AntiO fta in my collection I find it impossible to agree with ‘Wetmore 
(Joum. A g rift. Univ. P.E,, 21, 1937, p. 11) in his statement that 
zenaida and mriia are distinct species, confined respectively to the 
Greater and Lesser Antilles. In addition to the i^eeimen from Sabs, 
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I have one from Antigua which is tsrpical zenaida. These specimens 
fi'om Montserrat are more or less intermediate, one being closer to 
zenaida and two to auri£a. Single specimens from St. Martin. St. 
Bustatins, and St. Kitts are mvriia without doubt. During a fewi 
houi-s !^ent on St. Martin on January 20, 1937 I had the oppo3> 
tunity of observing 9 captive birds, all said to have been obtained 
on St. Martin. Of these two were typical zenaida, three were typical 
aurita, and four were intermediate. 

The stomach of the bird collected on Saba was filled with seeds, 
some leguminous, and some unidentified hard, round black seeds. 

GolimbigaUim passerina mgrirostris Danforth 
St. Kitts Ground Dove 

Six were observed, and a male was collected at Spring Bay on 
January 27. Its bill was entirely dusky brown. 

m 

Oreopdeia mystacea mygtacea (Temminck) 

Bridled Quail-Dove 
. Wood Hen 

This bird is rather rare, being found in the brush-grown guts 
which run down the mountain side in Saba. Here the bird is very 
difficult to obtain, the bird’s shyness, the m^ed topography, and 
. the dense brush making it difficult to approach within gunshot of 
a bird once it is heard calling. After much effort three birds (two 
males and a female) were obtained at Hell’s Gate Gut Island Gut, 
and Spring Bay Gut. These specimens differ in nowise from speci- 
mens from the islands of St. Kitts to St. Lucia. As I have shown 
in the Proceedings of the Biological Society of Washington, May 
19, 1938, p. 73 Riley’s description of Geoh’ygon sahae was evidently 
based on an inunature bird which he mistook for an adult, and 
consequently this name should be regarded as a synonym of Oreopeleia 
tn. mystacea. 

An adult male collected in Hell’s Gate Gut on January 28, 1937 
had the iris orange; the biU rose red at the base and whitish at 
the tip; the legs and feet of a pinkiah flesh color, the claws light 
slate. 

The three stomachs eontaiaed seeds 68.3 per cent (mostly of an 
unidentified hard, round black variety) ; leaves 5 per cent, and frag- 
ments of some stardiy root with a hairy epidermis, 26.7 per cent. 
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Sericotes holosericeus holosericeus (Linnaeus) 
Bhie-hreasted Hnmmin^ird 

Not common. A few were observed at Windwardside, Spring 
Bay, and on the Mountain. A male was collected at Spring Bay 
on January 26. 

Orfhiyi'hynchus crisiafus erih^ (Gmelin) 

Gilt-crested Hummingbird 

The commonest of the hummingbirds in Saba, but still scarcely 
abundant. More were observed near the summit of the Mountain 
(where a male was collected on Januai'y 30) than elsewhere. 

Eulcmpis jugulari$ (Linnaeus) 

Garnet-throateil Hummingbird 

Half a dozen were observed in the tree fern forest and banana 
plantation at the summit of the Mountain on January 30. The 
stomach of a female (collected contained exclusively small spiders. 

\Tyrannus dommieensis vorax Vieillot. 

Large-billed Kingbird. 

Woodpecker. 

A bird known locally as the “ Woodpecker which answers the 
description of this bird, and is said to perch on the telephone wires 
and salIjriEeKth, after insects is said to occur on Saba only during 
the summer months. No specimens from Saba have been recorded, 
so the species is listed hypothetically.] 

Elaema martvndca riisii Sclater 
Biise’s Elaenia 

Apparently very scarce on Saba, only three being observed during 
the course of our visit, and residents of the island knew no name 
for it, A silent female was collected deep in the ravine of Spring 
Bay Gut on January 27, and another female, also silent, m deep 
brushy woods at Spring Bay the next day, and one was heard sing- 
ing on the top of the Mountain on January 30. As I have already 
demonstrated (Journal of the Barbados Museum and Historical 
Society, Vol. S, May, 1938, p. 123), these specimens exhibit charac- 
teristics (particularly those of size) of rvim rather than of typical 
imHinica. The measurements of a male from Saba given by Bidg- 
way (U.S.N.M. Bull. 50, 1907, p. 427) also agree best with rUm, 
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The first stomach contained two berries and the second some hard, 
round, black seeds. 

Cinclocerthia ntficaiida pavida Bidgway 
Si. Kitts Trembler 
Trembling Thrush 

This bird was found only in the tree fern growths on the higher 
parts of the mountain, and eVen there it is not very common. It 
is said to nest in holes in the trunks of rotting tree ferns, and to 
lay blue eggs. A male was collected in Island Gut on January 28, 
a male near the top of the Mountain on January 29, and a female 
at the same place the next day. 90 per cent of the contents of their 
stomachs consisted of land snails which were identified by Dr. Paul 
Bartsch as Helicina fasciata Lamarck. Coleoptera formed 7 per 
cent, and other insects 3 per cent. 

Specimens of C.r^ pavida from Saba and MontseiTat in my collec- 
tion are much more rufescent above, and to some extent below, than 
6*.r. tenehrosa from St. Vincent. 

Tw’o males from Saba measure: Wing 101.4-103 (102.2); tail 
84r-87.1 (85.5) ; eulmen from base 34.9-38.5 (36.7) ; tarsus 29.2-29.4 
(29.3). One female measures, wing 99.8; tail 88.3; eulmen from 
base (broken, but it is over 40) ; tarsus 30.8 millimeters. 

An adult male collected in Island Gut on January 28, 1937 had 
the iris bright orange yellow; bill black; legs and feet yelloWlsIi 
brown, the soles tinged wilh yellow, and the claws grayish brown. 

Margaropn fnscalns fuscatus (Vieillot) 

Pearly-eyed Thrasher 
Thrush 

This is undoubtedly the most common bird on Saba, frequenting 
all wooded and brushy regions, from which it calls with great per- 
sistency. 1 [|j 

Four specimens were collected, three at Spring Bay and one 
on the top of the Mountain. These appear to represent typical fus- 
catuSj but the races of this specie are very poorly marked, making 
identification of specimens from islands near where the ranges of 
fuscatus and densirostris meet at times somewhat problematical. 

The four stomachs contained an Amlk lizard, 6.2% ; lepidopterous 
larvae 10%; insects 1.3% ; berries 45%; drupes 16.2%; hard, round, 
black seeds 21.3%. 
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Allenia fusca (P.L.S Miiller) 

Scaly-breasted Thrash^ 

Thrush; Black-billed Thrush 

Six were observed on a wooded Ivillside near Windwardside known 
as “The Level” (due to its lop being so much flatter than most 
of the land on this rugged island), and one at Spring Bay. At the 
foimier locality two males were collected on February 1. The iris 
of one of these was bright yellow; its bill black; its legs and feet 
dusky slate, claws dusky, soles yellow. One stomach contained 
berries and the other drupes. 

Vireo ccMS/ris eaUdris (Idnnaeus) 

Jamaican Tireo 

Ridgway (U.S.N.M. Bull. 50, III, 1904, p. 138) refers a fmnale 
Yireo from Saba to this form. As this species is usually either a 
migrant or summer resident in the West Indies none were found 
at the time of our visit. 

Goereba bartholemica (Sparrmann) 

St. Barts Honey Creeper 
Tellow-breast 

Common, but not so abundant as honey creepers in most Mauds. 
Two males were collected Both have considerable white in the 
frontal-region They measure- wing 61.3-61.8 (61.65) ; tail 40.4-42; 
(41.2); culmA from base 16.5-17.7 (171); tarsus 17.8-17.8 milli- 
meters. Their stomachs contained insects 50 per cent (small Coleop- 
tera 25 per cent) ; and small seeds (mostly soft), 50 per cent. One 
stomach contained a lai^e piece of gravel and several fine grains of 
sand, very remarkable to find in this typical, diminutive, weak Coere- 
bine stomach. 

Compsothlypis amencana pusiUa (Wilson) 

Northern Parula Warbler 

A male was collected at Spring Bay on January 27. PreviorMy 
recorded by Bond. 

Dmdroica discolor discolor (Vieillot) 

Northern Prairie Warblmr 

Two were observed, and a female collected, at Spring Bay on 
January 26. Anofiber was seen on Januarj' 28. Not previoudy 
recorded from the Maud. 
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Setophaga ruticilla (Linnaeus) 

American Redstart 

An apparent female was collected at Spring Bay on January 28, 
Its stomach contained a moth. Ooleoptera, and other insects. Not 
previously recorded from the island. 

Tanagra flaw from flavifrons (Sparrmann) 

Green Buphonia 

On February 1 a pair was obberved in Spring Bay Gut. They 
kept so continually on the move on the densely wooded precipitous 
ravine sides, usually managing to keep on the opposite wall of the 
ravine to their pursuer, that it proved impossible to collect them. 
This constitutes a new record for the island. 

jS I 

Tiaris hicolor omissa Jardine 
Carib Grassquit 
Tobacco Seed 

Common at Spring Bay, Windwardside, and the lower parts of 
the mountain. The stomachs of a pair collected contained small 
seeds with the addition of sand for grinding purposes. 

LoxigiUa nocti$ coryi (Bidgway) 

St. Bustatius Bullfinch 
Robin 

Common at the top of the Mountain rare on the rest of the 
island, where observed on a few occasions at Spring Bay and 
Windwardside. Four adult males, an immature male, and an imma* 
ture (?) female were collected. These agree well with specimens 
of coryi from other localities. Their measurements are as follows: 
4 adult males, wing 68.1^9,6 (69) ; tail 51,2-58 (52.3) ; culmen 
from base 15.6-16.2 (15.9); tarsus 19-20.2 (19.66). 1 immature 
male, wing 63.9; tail 45.6; eiilmen from base 16; taiaus 19,1. 1 
immature! female, wiug 57.2; eubnen from base 16; tarsus 18.5 
miUimeteis. 

Five stomachs examined contained seeds 80 per cent, and ber- 
ries 20 per cent, and all had sand or gravel in addition for grinding 
purposes. 
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